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ABSTRACT 
Glyphosate is a broad-spectrum herbicide that ranks among the top ten herbicides 
used in the U. S. for agricultural and non-agricultural use. Glyphosate is sprayed on 100% 
of the crop area planted with genetically engineered crops resistant to RoundUp® such as 
soybean (RoundUp® Ready Soybeans). 
It has been determined that glyphosate has fungicidal properties on some pathogenic 
and saprophytic fungi. Studying the interaction of glyphosate with entomopathogenic fungi 
is important because a wider use of this herbicide is predicted with glyphosate-tolerant 
crops. Under normal weather conditions, entomopathogenic fungi are considered the most 
important mortality factor of several arthropod pests in Iowa (insects and spider mites), 
maintaining their populations below economic thresholds. 
The main objective of this research was to determine if outbreaks of twospotted 
spider mite (Tetranychus urticae Koch) and green cloverworm populations (Hypena scabra 
(F.)) could be expected with the use of transgenic glyphosate-resistant soybeans and their 
herbicides in commercial fields. 
Laboratory studies determined that some RoundUp® formulations, and not the active 
ingredient (glyphosate), had fungicidal properties on four entomopathogenic fungi important 
in Iowa crops (Neozygites floridiana Weiser and Muma, Nomuraea rileyi (Farlow) Samson, 
Beauveria bassiana (Balsamo) Vuillemin, and Metarhizium anisopliae (Metchnikoff) 
Sorokin). Host suitability studies showed that green cloverworm does equally well 
developmentally, and possibly reproductively, when fed traditional varieties and glyphosate 
treated and non-treated varieties. 
xi 
Field studies conducted in 1999 (Iowa, Minnesota and Ohio) and 2000 (Iowa) 
showed that in drought conditions, commercial fields planted with RoundUp® Ready 
Soybeans had higher spider mite populations than fields planted with traditional varieties. 
Occurrence of N. floridiana (entomopathogen of spider mites) was lower in fields planted 
with RoundUp® Ready Soybeans than with traditional varieties. No statistical differences 
were detected in green cloverworm populations or occurrence of its entomopathogenic 
fungus (iV. rileyi) between transgenic and traditional varieties. 
Results from these studies suggest that outbreaks of twospotted spider mite are more 
likely to occur on RoundUp® Ready Soybeans than on traditional varieties under 
environmental conditions suitable for spider mites. 
KEY WORDS: Acari, Tetranychidae, Noctuidae, Lepidoptera, Entomophthorales, 






This thesis is organized in five chapters. The first chapter provides a general 
introduction that discusses briefly the economic and productive importance of soybeans, and 
changes in the crop system that provide the rationale for this study. After providing the 
general and specific objectives of this dissertation, a literature review is provided, which 
contains basic information about the production of soybeans in the U. S. Specific 
information is also included in topics of crop management, crop pests, major arthropod 
pests, and the importance of entomopathogenic fungi in soybean agroecosystems with 
specific examples. This information leads to the discussion of the pest management and the 
genetic improvement of soybean varieties addressing pest problems, including the 
development of genetically engineered varieties. Following a basic discussion of genetically 
engineered soybeans and how herbicides have been integrated into this system, a discussion 
of glyphosate and what is known of its non-target effects is presented. The second, third, 
and fourth chapters are studies presented as papers that address the specific objectives from 
the general introduction. The second chapter evaluates the fungicidal properties of 
glyphosate and glyphosate formulations on four entomopathogenic fungi. The third chapter 
examines the host plant suitability to green cloverworm of two transgenic and two non-
transgenic varieties. The fourth chapter compares, between transgenic and non-transgenic 
fields, natural populations of spider mites and green cloverworm, as well as incidence of 
their entomopathogenic fungi. The fifth and last chapter provides the general conclusions 
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for this dissertation. References cited in the first chapter are listed after the general 
conclusions. 
Introduction 
The U. S. is the major soybean producer in the world, planting over 70 million acres 
each year (Marking 1998). Iowa ranks first among the soybean producing states, planting 
over 10 million acres per year in the last five years and over 10.7 million acres in 2000. 
Furthermore, state production is over 450 million bushels of soybeans per year, representing 
over 2.6 billion dollars (National Agricultural Statistics Service 2001). 
The main pest problem faced in Iowa, and most soybean producing states, is weeds 
(Wood 1997). For example, from 57 million acres planted with soybeans and treated with 
herbicides in the U. S., a yield reduction equivalent of 800 million dollars occurred in 1991 
(Wood 1997). Even more, potential losses of 3.9 billion dollars could have occurred if 
herbicides had not been used (Wood 1997). Arthropod pests, on the other hand, are 
sporadically important. However, when outbreaks occur, yield reductions of 20-50% can be 
expected from bean leaf beetle (Rice 1996a), 40-60% with the twospotted spider mite 
(Pedigo and Tollefson 1997), and over 7% with plant defoliation by green cloverworms or 
grasshoppers (Rice 1996b, 1997). 
On the open market where prices are regulated by supply and demand, optimizing 
yields is a priority of most pest management programs. This has led to dramatic changes in 
cropping systems and the development of new technologies to increase efficiency in soybean 
production. One of these new technologies has addressed the weed problem by developing 
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transgenic crops resistant to broad-spectrum herbicides. In soybeans, the use of transgenic 
varieties resistant to herbicides is growing exponentially. In 1997, 14% of soybean acreage 
in the U.S. was planted with transgenic varieties resistant to glyphosate herbicide 
(RoundUp®), which increased to 36% in 1998 and 59% in 2000 (NASS 2000a). 
Glyphosate (N-[phosphonomethyl]glycine) is a broad-spectrum herbicide sold under 
the trade names of RoundUp®, Rodeo®, Accord®, Kleenup® and Vision®. It ranks among 
the top ten herbicides used in the U. S. in agricultural and non-agricultural situations (Cox 
1995). Total sales of RoundUp® in 1993 were estimated to be more than one billion dollars 
(Franz et al. 1997). In Canada in 1988, 81% of the forests treated with herbicides were 
treated with RoundUp® (Levesque and Rahe 1992). 
The use of glyphosate in agricultural crops had been limited to sprays before 
planting, pointed sprays, and screen sprays. Thus, crop sprays rarely covered 100% of the 
crop area after germination. However, with genetically engineered crops resistant to 
glyphosate, such as com (RoundUp Ready® Corn) and soybeans (RoundUp Ready® 
Soybean), glyphosate is sprayed on almost 100% of the area planted with these transgenic 
crops. 
The knowledge of the effects of these new weed management systems on plants is 
well known (Grossbard and Atkinson 1985, Franz et al. 1997). However, very little is 
known about the interaction among herbicides and microorganisms. Direct effects of 
herbicides may include predisposition of fungi to fungicides, i.e., they may act as 
synergistics or have fungicidal properties (Levesque and Rahe 1992). Herbicides may also 
have indirect effects, such as interfering with the normal interaction between fungi, crop, and 
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weeds, especially when natural fluctuations in the physical environment and changes in 
microenvironment occur with weed control (Levesque and Rahe 1992). 
The fungicidal effect of glyphosate on some pathogenic and saprophytic fungi has 
been documented (Grossbard 1985, Chakravarty and Chatarpaul 1990a, Wardle and 
Parkinson 1992). These fungicidal properties vary among species of fungi. For example, 
fungicidal effects have been reported in species such as Rhizoctonia solani Ktihn (Black et 
al. 1996), Fiisariiim solani (Martius) Saccardo (Kawate et al. 1992), Glomus etunicatum 
Becker and Gerdemann (Paula and Zambolim 1994) and Nectria galligena Bresadola 
(Burgiel and Grabowski 1996). But no detrimental effects have been reported in species 
such as Drechslera teres (Saccardo) Shoemaker (Toubia-Rahme et al. 1992) and Pytliium 
ultimum Trow (Kawate et al. 1992). 
In Iowa, populations of arthropod pests are strongly influenced by diseases. With 
normal weather, entomopathogenic fungi are considered the most important mortality factor 
of several arthropod pests, maintaining populations below economic thresholds. For 
example, the twospotted spider mite (Tetranychus urticae Koch) in soybeans and corn is 
maintained at subeconomic levels by Neozygites floridana Weiser and Muma in fields with 
high relative humidity (Klubertanz 1989, Klubertanz et al. 1991); green cloverworms 
{Hypena scabra (F.)) in soybeans are normally suppressed by Nomuraea rileyi (Farlow) 
Samson (Rice 1997); the alfalfa weevil {Hypera postica (Gyllenhal)) is maintained below 
economic thresholds by Zoophthora phytonomi (Arthur) Batko in alfalfa fields with high 
relative humidity (Giles et al. 1994); and grasshopper (Acrididae) populations are usually 
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reduced to non-economic levels by Entomophaga grvlli (Fresenius) Batko (Pickford and 
Riegert 1963). 
No straight forward studies have been done to determine if entomopathogenic fungi 
are susceptible to glyphosate. Preliminary studies conducted in our laboratory indicate that 
the entomopathogenic fungus Beauveria bassiana (Balsamo) Vuillemin, which attacks bean 
leaf beetle, European corn borer and other pest species, is susceptible to RoundUp® Ready-
To-Use (a glyphosate formulation) when applied at active ingredient concentrations of less 
than 0.5%. This concentration is equivalent to 50% of the lowest doses recommended for 
field application. 
Studying the interaction of glyphosate with entomopathogenic fungi is important, not 
only because of the widespread use and glyphosate's economic importance, but because it 
will have a wider use with glyphosate-resistant crops. However, it is essential to study the 
effects of the formulations of this herbicide because, under field conditions, microorganisms 
are exposed to the formulations, not only to the main active ingredient. In preliminary 
studies, we found that B. bassiana was susceptible to the RoundUp® Ready-To-Use 
formulation but not to technical glyphosate (the active ingredient). This preliminary study 
gave rise to the studies described in this dissertation. The effects of glyphosate and its 
various formulations on other entomopathogens are unknown. 
Studying formulated glyphosate interactions with entomopathogenic fungi is 
indispensable because these fungi are the main force responsible for keeping many potential 
pests below economic thresholds in Iowa soybeans. It has been suggested that even if 
glyphosate may negatively affect microorganisms, it is not likely to occur under field 
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conditions. The reasoning is that glyphosate binds to clay and many soil types, which 
reduces movement of the compound in the soil (Cox 1995). This also means that glyphosate 
formulations will be present in the surface of the soil of the areas treated. Knowing this and 
that the half-life of glyphosate can be up to 141 days in Iowa soils (Cox 1995), negative 
consequences may occur to entomopathogenic fungi present on the soil surface. If 
entomopathogenic fungi are susceptible to glyphosate formulations, spraying this herbicide 
with 100% coverage in soybean fields may reduce the inoculum of the fungi, which could 
result in pest outbreaks, requiring the use of insecticides. 
In regions where environmental conditions or chemicals negatively affect 
entomopathogens, spider mites usually become a serious pest very rapidly (Brandenburg and 
Kennedy 1983, Campbell 1978). This is caused by their extremely rapid reproductive 
capacity ( 14 days to complete a generation) and female fecundity (approximately 300 eggs 
per female) (Huffakeret al. 1969). In Iowa in 1988, 2.4 million acres of soybeans were 
treated with insecticide because of a spider mite outbreak (Higley and Boethel 1994), and 
many fields that were not treated or diagnosed in time had yield losses of 40 to 60% (Higley 
and Wintersteen 1989). In 1997, our research group observed small outbreaks of spider 
mites in Story County in fields planted with transgenic soybeans. 
It is also important to study the effects of transgenic soybeans on several pests such 
as spider mites and green cloverworm because the genome of these plants has been 
modified. This usually leads to expression or repression of genes previously active or 
inactive. This means that the suitability of transgenic soybeans to spider mites or green 
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cloverworm may be higher or lower than the suitability of the isogenic lines (original variety 
not genetically engineered). 
Objectives 
The main objective of this research was to determine if outbreaks of spider mite and 
green cloverworm populations could be promoted with the use of transgenic herbicide 
resistant soybeans and their herbicides in commercial fields. 
Specific Objectives: 
1) To determine the effect of glyphosate and glyphosate formulations on four 
entomopathogenic fungi important in Iowa crops. 
2) To determine the suitability to green cloverworms of glyphosate-treated and un treated 
transgenic soybeans compared to traditional varieties. 
3) To quantify spider mite and green cloverworm densities in commercial fields planted with 
transgenic glyphosate-resistant soybeans and fields with traditional varieties (non-
transgenic). 
4) To determine the occurrence of Neozygites floridana on spider mites on fields planted 
with transgenic versus traditional soybean varieties. 
5) To determine the occurrence of Nomuraea rileyi on green cloverworm on fields planted 
with transgenic versus traditional soybean varieties. 
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Literature Review 
Soybean Crop in the U. S. 
Soybean is the second largest crop produced in the U. S., planting over 73.7 million 
acres per year; and corn being the largest crop, planting over 77 million acres per year 
(NASS 2000a). In the world, the U. S. is the largest producer of soybeans, producing more 
than 2.5 billion bushels per year, and it is followed by Brazil, Canada and Argentina 
(Marking 1998, Gianessi and Carpenter 2000). In the U. S., 33 states produce significant 
quantities of soybeans. However, 73% of the soybean production in the U. S. comes from 
ten states in the Midwest (NASS 2000a). Iowa is the major producer in the U. S., planting 
14% of the total acreage of soybeans (over 10 million acres), and producing over 450 million 
bushels per year, with a value over 2.1 billion dollars (NASS 2000b). 
The production of soybeans was primarily as a forage crop in the 1930 s. However, 
in 1934 in response to the severe drought in the Midwest, soybean production increased. 
This was due to the better performance of soybeans over corn in drought conditions, a factor 
that motivated farmers to try this new crop. By 1939, 40% of the soybeans planted were 
harvested for seed or grain (Smith 1995). 
Another factor that stimulated the production of soybeans was World War H. Prior to 
the war, 40% of the edible fats and oils were imported. Thus, during the war this supply was 
cut, and processors turned to domestically produced soybean oil. By the end of the war 
(1944), 72% of the soybean acreage planted in the U.S. were harvested for seed (Smith 
1995). Even more, immediately after World War II the demand for cooking oil, salad oil, 
and red meat increased. These demands stimulated the use of soybean meal as a low-cost, 
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high-protein feed ingredient and a low-cost production of oil (Smith 1995). As a response to 
soybean demand, the expansion of soybean production in the U.S. increased from less than 
20 million acres in the early 1950's to over 50 million in the 1970 s and a record 74.5 
million acres in 2000 (NASS 2000). 
The increase of area planted with soybeans was not the only factor that has increased the 
soybean production in U.S. Yield per acre has increased constantly since 1944 (Fig. 1.1). 
The increase in yields is attributed to the usage of improved varieties, fertilizer, and better 
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Figure 1.1. Area planted with soybeans (million of acres) and average yield (bushels per 
acre) in the U. S. from 1924 to 1999 (NASS 2000c). 
a) Soybean crop management 
Soybean is a bushy legume that produces 60 to 80 pods, each holding three to five 
pea-size beans. In general, the plant population recommended in the U. S. to maximize 
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yield is 371,000 plants per hectare (Martin 2001). Seeds are planted at a depth of 2.5 to 
3.8 cm, and the seed spacing varies, depending on row spacing (usually 18, 25, 50, 76 or 
91 cm). Small amounts of fertilizer may be placed in a band to the side and slightly 
below the seed to stimulate early plant growth when temperatures are still cool (Ritchie 
et al. 1992). Seed inoculation with Rhizobium japonicum (Kirchner) Buchanan 
(symbiotic bacteria that fixes nitrogen) is not generally done unless the field to be 
planted has not grown soybeans for more than five years (Ritchie et al. 1992). 
Soybeans are considered to be very competitive with weeds once the crop canopy has 
developed. Thus, practices that speed the development of the canopy (narrow rows, 
quality seed, etc.) reduce the need for additional weed management (Martin 2001). The 
most common methods used to control weeds are tillage and herbicides (Ritchie et al. 
1992). 
In the U. S., soybean plants typically abort 60 to 75% of the flowers during the stages 
of pod development and early seed development. This represents a good soybean plant 
potential, not exploited. Thus, attempts to reduce floral and pod abortion include 
fertilization, narrow rows, planting rates, irrigation, and different methods of weed 
control (Ritchie et al. 1992). 
Soybeans are harvested and stored when having between 13 to 15% moisture (ideal 
13%). Harvesting with less than 13% moisture causes increased pre-harvest shatter loss, 
sickle-bar shatter loss during harvest, increased number of split beans, and loss of weight 
to sell (Ritchie et al. 1992). 
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b) Soybean pests 
Several group of organisms can cause yield reduction in soybeans or reduce their 
value. They are usually grouped as pathogens, weeds, and arthropod pests. From all the 
organisms that attack or parasitize soybeans, only a few are considered economically 
important, and they vary among the regions in the U.S. 
Pathogens are micro-organisms that cause diseases, and they are commonly grouped 
as nematodes, bacteria, fungi and viruses. More than 100 pathogens are recognized to 
affect soybeans. From these, only 35 are considered economically important (Hartman et 
al. 2001). A list of the most important and frequent pathogens of soybeans, and the 
diseases they cause, is presented in table 1.1. 
Table 1.1. List of the most common and economically important soybean pathogens, and a 
brief description of the diseases that they cause. (Iowa State University Extension 1996, 
Hartman et al. 2001, Martin 2001) 
Pathogen 
Group 
Pathogen name Disease Description 
Nematode Heterodera glycines Soybean Cyst 
Nematode 
Stunted or yellowed plants, reduction in 
yield 
Nematode Belonolaimus spp Sting nematode Seedling killed, stunted plants, chlorotic, and 
off-color as if suffering from moisture stress 
Bacteria Pseudomonas savastanoi 
pv. glycinea 
Bacterial Blight Small angular spots, water-soaked, yellow to 
brown 
Bacteria Xanthomonas 
axonopodis pv. Glycines 
Bacterial Pustule Small pale green spots with raised centers on 
one or both leaf surfaces 
Fungus Colletotrichun 
truncatum 
Anthracnose Late-season disease. Leaf rolling, petiole 
cankering 
Fungus Septoria glycines Brown spot Brown to red spots in cotyledons, primary 
leaves an lower trifoliate leaves 
Fungus Macrophomina 
phaseolina 
Charcoal rot Taproot and lower stem with a grayish 
discoloration which eventually gets girdled 
causing death 
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Table 1.1. (Condi nued) 
Pathogen Pathogen name 
Group 
Disease Description 
Poor germination with pre-emergence or 
post-emergence damping off 
Scattered yellow or white spots on leaves 
followed by interveinal necrosis ending with 
defoliation and plant death 
Seed rot and pre-emergence damping off. 
Stem rot is identified by dark brown color on 
the stem and lower branches. The tap rot is 
dark brown and entire root system may be 
rotted 
Fungus Fusarium solani and F. 
oxysporuni 
Fungus Fusarium solani sp. 
glycines 
Fungus Phytophthora sojae 
Fusarium root rot 




seedling blight, root, 
and stem rot 
Fungus Diaporthe phaseolorum 
var. sojae 
Fungus Cercospora kikuchii 
Fungus Pythium spp 
Fungus Rhizoctonia solani 
Pod and stem blight 
Purple seed stain, 
cercospora leaf 
blight 
Pythium seed decay, 
seedling blight and 
root rot 
Rhizoctonia root rot 
and stem decay 
(damping off) 
Dead stems covered with speck-sized 
pycnidia, usually arranged linearly or the 
pycnidia may be limited to small patches 
Leaves with small, reddish-purple, angular 
to irregular lesions. Seeds pale to dark 
purple discoloration 
Ungerminated seed rotting. Soft and slimy 
seeds usually covered with other fungi and 
bacteria. Roots brown with wet appearance 
Decay of lateral roots. Stems remain firm 
and dry 
Fungus Sclerotinia sclerotiorum Sclerotinia stem rot Blossoms are infected first. White cotton­
like growth over infected stems and pods. 
Round to oblong, hard brown to black 
sclerotia in exterior stem surfaces 




Bean pod mottle virus 
(BPMV) 
Soybean mosaic virus 
(SMV) 
Bean pod mottle 
Soybean mosaic 
Symptoms shown after flowering. Small 
reddish brown lesions at the junction of 
branches or base of petioles. Intervenial 
yellowing becomes necrotic. Dead leaves 
remain attached to plant 
Mild yellow mottling in young leaves. 
Plants may be stunted, distorted foliage, 
misshapen pods and smaller seeds 
Distorted plants, leaves narrower than 
normal, dark green swellings (rugosity) 
along the veins. Pods are smaller, flattened 
and less hairy. Seeds mottled brown or 
black, small and germination may be 
reduced. 
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Weeds compete with soybeans for water, nutrients, sunlight and space in the field 
(Hartzler 1997). They are considered the main pest problem for soybean producers 
(Wood 1997). Reduction in soybean yields varies among locations and depends on weed 
species and population dynamics. However, soybean yield losses between 50-90% can 
be expected from weed competition (Anderson and McWhorter 1976, Coble and Ritter 
1978, Chhokar and Balyan 1999). Uncontrolled weeds not only reduce soybean yield, 
but also reduce efficiency during harvesting (Martin 2001). The quality of the soybean 
harvested is affected when moisture content, foreign matter, and seed splits increase 
because of the presence of weeds (Gianessi and Carpenter 2000). The importance of 
weed species in soybean fields varies among regions and among fields within the same 
regions. This is because the most common weeds in a soybean field are weed species 
adapted to the crop system of that particular field (i.e. in Iowa, weeds adapted to a two-
crop rotation or weeds adapted to non-tillage system)(ISU Pest Management and the 
Environment Program 1999). Annual broadleaf and grass weeds are the major problem. 
Table 1.2 lists the most frequent weed species in Iowa soybean fields. 
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Table 1.2. List of the most common and economically important weed species found in 
soybean fields in Iowa (ISU Pest Management and the Environment Program 1999) 
Life cycle Grasses Broad leaves 
Annual Giant foxtail (Setaria faberi) Velvetleaf (Abutilon theophrasti) 
Yellow foxtail (Setaria glauca) Common cocklebur (Xanthium strumarium) 
Green foxtail (Setaria viridis) Common sunflower (Helianthus annuus) 
Woolly cupgrass (Eriochloa villosa) Redroot pigweed (Amaranthus retroflexus) 
Shattercane (Sorghum bicolor) Lambsquarter (Chenopodium album) 
Barnyardgrass (Echinochloa crusgalli) Common ragweed (Ambrosia artemisiifolia) 
Fall panicum (Panicum dichotomiflorum) Giant ragweed (Ambrosia trifida) 
Wild proso millet (Panicum miliaceum) Common waterhemp (Amaranthus rudis) 
Pennsylvania smartweed ( Polygonum 
pensylvanicum) 
Perennial Quackgrass (Agropyron repens) 
Wirestem muhly (Muhlenbergia frondosa) 
Swamp smartweed (Polygonum coccineum) 
Soybean Arthropod Pests 
From hundreds phytophagous arthropod species associated with soybeans, only ten 
cause over 80% of arthropod damage in the U.S. (Way 1994, Zeiss and Klubertanz 1994). A 
summary of the major pests in soybeans in the U.S. is provided in Table 1.3. Minor pests 
are occasional pests or sub-economic pests that should not be ignored because they may 
become a major pest in the future or their damage may be underestimated (Zeiss and 
Klubertanz 1994). A diagnostic list with illustrated keys to the common arthropod pests and 
injury types caused by these pests was given by Steffey et al. (1994). 
Soybean arthropod pests in the U. S. follow a south-north gradient in which 
arthropod pressure tends to be greater in the South (Way 1994). On the other hand, the 
Midwest and North Central states tend to have less severe arthropod problems than southern 
states. However, even minor pests can result in serious economic losses in the Midwest 
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because of the large acreage of soybeans that are planted (Way 1994). The most important 
soybean arthropod pests in the Midwest region include the bean leaf beetle, twospotted 
spider mite, and green cloverworm (Way 1994, Rice and Wintersteen 1996). 
Table 1.3. List of the most economically important arthropod pests of soybeans in the U. S. 
(Camer et al. 1974, Way 1994, Zeiss and Klubertanz 1994) 
Feeding habits Common name Scientific name Order Family 
Defoliators Velvetbean caterpilar Anticarsia gemmatalis (Hubner) Lepidoptera Noctuidae 
Soybean looper Pseudoplusia includens (Walker) Lepidoptera Noctuidae 
Green cloverworm Hypena scabra (F.) Lepidoptera Noctuidae 





Tetranychus urticae Koch. Acari Tetranychidae 
Pod feeders Bean leaf beetle Ceratoma trifurcata (Forster) Coleoptera Chrysomelidae 
Southern green stink 
bug 
Nezara viridula (L.) Hemiptera Pentatomidae 
Com earworm Helicoverpa tea (Boddie) Lepidoptera Noctuidae 
Stem feeders Three-cornered 
alfalfa hopper 
Spissistilus festinus (Say) Homoptera Membracidae 
a) Bean leaf beetle 
The bean leaf beetle (Ceratoma trifurcata (Forster)) is native to the U.S. and is 
widespread in the major crop production areas (Pedigo 1994a). Even though bean leaf 
beetles injure soybean plants as larvae (feeding on roots, root hairs, and nodules) and as 
adults (feeding on leaves and pods), soybeans are able to compensate and tolerate most 
of the injury, except some pod feeding (Pedigo 1994a, Pedigo 1999). Thus, bean leaf 
beetle has become the major pest in the Midwest due to pod feeding (Pedigo 1994a, Rice 
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and Wintersteen 1996). As leaves mature, bean leaf beetles begin feeding on other green 
tissues (pod surfaces and pod peduncles); this results in pod lesions, which increases 
seed vulnerability to moisture loss, secondary pathogens in pods, or pod loss (Pedigo 
1994a, Rice and Pedigo 1997). The bean leaf beetle is also a vector of viruses such as 
the bean pod mottle virus, the cowpea mosaic virus, and the southern bean mosaic virus 
(Pedigo 1994a). 
The life cycle of the bean leaf beetle starts in spring when overwintering adults leave 
their habitats (woodlots and previous year's soybean fields) (Lam and Pedigo 2000). 
These adults move to alfalfa or other suitable habitats between early to late April where 
they feed and lay some eggs (Smelser and Pedigo 1991). These overwintering beetles 
then migrate to the emergent soybeans where females (previously mated) lay their eggs 
in soil (between 130 to 200 eggs per female) near plant stems. After egg hatching, larvae 
feed on roots and nodules, molting three times, and pupate. The developmental time 
from egg to pupation takes between 20 to 37 days, and 7 days from pupa to adult 
(Smelser and Pedigo 1991, Pedigo 1994a). In Iowa, the bean leaf beetle has two 
generations per year. The first generation emerges form the soil, mating occurs, and eggs 
are laid at the beginning of July. Second generation adults emerge from early or mid-
August to mid-September, depending on weather temperatures (Pedigo 1994a, Zeiss and 
Pedigo 1996). In Iowa and other Midwestern states, second generation bean leaf beetles 
do not mate; thus, their ovaries do not develop (Smelser and Pedigo 1991). However, 
this generation feeds on leaves and pods, and as soybeans mature, adults feed on any 
green tissue available (stems and late-maturing pods). As the quality of soybeans 
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diminishes, bean leaf beetle populations migrate to alfalfa or other legumes before 
moving to overwintering habitats (Smelser and Pedigo 1991, Pedigo 1994a). 
Management of bean leaf beetle populations includes conventional management 
programs of estimating economic thresholds and application of insecticides when 
necessary. Economic thresholds for Iowa have been reported by Rice and Pedigo (1997) 
in which crop value and treatment costs are included. Preventive management for bean 
leaf beetle also has been developed. Based on its biology, late soybean planting, as well 
as avoiding planting adjacent to alternate hosts (i.e. alfalfa) is recommended to soybean 
producers. The basis for these recommendations is that late planting reduces food 
sources; thus, mortality of overwintered beetles may increase and/or movement of these 
beetles to non-suitable habitats can occur before the soybeans emerge. This preventive 
tactic also disrupts the synchronization of the second bean leaf beetle generation with the 
development of soybean pods, thus reducing pod injury (Pedigo and Zeiss 1996). 
Studies of mortality factors of the bean leaf beetle have shown that mortality of 
overwintering beetles in Iowa is mostly due to winter temperature. This has resulted in 
the development of a mathematical model that predicts the overwintering beetle 
survivorship (Lam and Pedigo 2000). Biotic mortality factors for overwintering beetles 
have low impact on such populations. Lam and Pedigo (2000) studied mortality factors 
of overwintering populations, finding less than 8% of overwintering beetles infested with 
the entomopathogenic fungi Beauveria spp. and no presence of the ectoparasitic mites. 
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b) Twospotted spider mite 
The twospotted spider mite, Tetranychus urticae Koch (Acari: Tetranychidae) is 
distributed worldwide and has an extremely wide host range, being common on almost 
all crops. Thus, the twospotted spider mite is considered one of the most important 
agricultural pests in the world (Klubertanz 1994, Pedigo 1999). The visual symptoms of 
injury of the twospotted spider mite in most cases are recognized before confirming the 
presence of the mites (Klubertanz 1994). Injury to the leaves occurs when mites 
penetrate the plant cells with their stylets and suck the cell contents (Tomczyk and 
Kropczynska 1985). Most of the injury occurs on the underside of the leaves. 
Symptoms of injury start with light to yellow punctures, which over time develop to 
formation of "blisters" (brown spots) and end in early leaf senescence (Tomczyk and 
Kropczynska 1985, Klubertanz 1994, Martin 2001). This damage is the result of the 
mechanical injury to the leaf tissue since no pathogen transmission has been identified 
(Tomczyk and Kropczynska 1985). Yield losses of 40-60% from the twospotted spider 
mite have been documented (Klubertanz 1994, Pedigo and Tollefson 1997). Grain 
quality and harvestability may also be negatively affected by this pest. Susceptibility to 
shattering and wrinkled beans in soybean fields infested with twospotted spider mites 
have been reported in the Midwest (Klubertanz 1994). 
The life cycle of the twospotted spider mite starts with diapausing females that 
overwinter in sheltered areas (i.e. field margins). Diapausing females are colored 
entirely orange or red due to carotenoid pigments not found in plants (Veerman 1985). 
Photoperiod and temperature are the major environmental conditions that induce or 
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terminate diapause of the twospotted spider mite (Veerman 1985). Females of this pest 
deposit their eggs on the underside of leaves and they can produce 10 eggs per day for 
the first five days (Wheatley and Boethel, 1986). During the first month of oviposition, 
each female produces an average of 100 eggs, but as many as 300 eggs are possible. 
This results in an exponential population growth (Klubertanz 1994). Development from 
egg to adult takes between 7 to 21 days, depending of the temperature, and there are 
several generations per year (Pedigo 1999). First instars are six-legged, second and third 
instars are eight-legged. Adults are sexually dimorphic where females are usually robust, 
larger, and with round abdomens; males are smaller, with conical abdomens (Klubertanz 
1989). 
Management of the twospotted spider mite depends greatly on environmental 
conditions and soybean growth stage (Klubertanz 1994). Populations usually peak in 
August and September during hot and dry conditions (Pedigo 1999). Population 
management is limited to chemical applications. Monitoring usually is concentrated 
along the margins of the field, though "hot spots" in the field might develop. 
Infestations are usually detected by visualization of mite injury and confirmed with the 
presence of the mites, for which spot treatment may be recommended (Klubertanz 1994, 
Martin 2001). However, it is possible that mites may have already been dispersed in the 
field; thus, economic populations could be reached within one to two weeks (Klubertanz 
1994). Twospotted spider mites are able to recover very rapidly after chemical 
treatment, requiring several more treatments. Thus, special considerations should be 
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taken in selecting chemicals, especially because the twospotted spider mite has a great 
capacity to develop insecticide resistance (Klubertanz 1994). 
Studies about population dynamics and ecology of spider mites have identified 
natural enemies and temperature as the major factors affecting populations (Huffaker et 
al. 1969, Brandenburg and Kennedy 1982, Brandenburg and Kennedy 1983, Klubertanz 
1989). Like most arthropods, spider mite metabolism increases in warmer environments. 
Developmental rates of spider mites increase sharply between 33 and 38°C (Crooker 
1985). Natural enemies in the other hand, are the most important mortality factors of 
spider mites. In most crops, predatory phytoseiid mites and the fungal pathogen 
Neozygites floridana Weiser and Muma (Entomphthorales: Neozygitaceae) are the two 
major factors regulating natural populations of spider mites (Huffaker 1969). Of these 
two natural enemies, the fungus N. floridana is considered to be the most effective 
natural enemy of the twospotted spider mite in soybeans throughout the Midwest (, 
Klubertanz 1989, Klubertanz et al. 1991, Klubertanz 1994). 
c) Green cloverworm 
The green cloverworm, Hypena scabra (F.) (Lepidoptera: Noctuidae), is a native 
species commonly found in the eastern half of the U.S. Larvae of this pest feed on 
leaves of 34 species of legumes, and it is an occasional pest in soybeans in Iowa (Pedigo 
et al. 1973, Myers and Pedigo 1977, Pedigo 1994b). Injury occurs when larvae feed on 
leaf tissue between the main veins, usually on the lower half of the plant; this gives a 
ragged appearance to the plants (Pedigo 1994b, Martin 2001). In field conditions, one 
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green cloverworm larva consumes an average of 53.9 cm2 soybean leaf tissue (Hammond 
et al. 1979, Thorvilson et al. 1985, Pedigo 1994b). Even though soybean plants have a 
great capacity to compensate for defoliation, yield losses depend on the degree of 
defoliation, soybean developmental stage when defoliation occurs, and plant vigor 
(Pedigo 1994b, Martin 2001). 
The green cloverworm does not overwinter above 41°N latitude. Thus, northern 
latitudes are colonized by migrating adults transported by air masses each spring (Myers 
and Pedigo 1977, Wolf et al. 1987, Pedigo 1994b). Migrating females lay eggs singly on 
the underside of host leaves (Pedigo 1994b). Egg laying tends to be greater on pubescent 
than on glabrous soybeans (Pedigo 1971). The total developmental time from egg to 
adult lasts from 21 to 30 days; where eggs develop in about three days, 14 days for the 
larvae, and seven to 10 days for the pupae (Scott and Pedigo 1977, Pedigo 1994b). The 
larval stage comprises six to seven stadia, from which larvae of the last two stadia 
consume 90% of the total leaf area destroyed (Stone and Pedigo 1972, Hammond et al. 
1979). In the northern U.S., there are two generations of green cloverworm per year, 
while in the southern U.S. three or four can occur (Pedigo 1994b). 
Because the green cloverworm is an occasional pest in soybeans, management of 
populations include monitoring and use of economic thresholds, which may be followed 
by insecticides when necessary (Pedigo 1994b). Based on feeding studies and soybean 
response during R2 to R3, economic injury levels for Iowa have been estimated by Stone 
and Pedigo (1972). Thus, an economic threshold of 17 larvae per row-m is 
recommended for soybean growers (Pedigo 1994b). 
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Mortality factors of the green cloverworm include several species of predators 
(nabids, spiders, minute pirate bugs, etc.), parasitoids (tachinid flies and brachonid 
wasps), and a fungus (Nomuraea rileyi) (Thorvilson and Pedigo 1984, Thorvilson et al. 
1985b, Thorvilson et al. 1985c, Daigle et al. 1988, Pedigo 1994b). However, M rileyi 
has been identified as the key mortality factor regulating populations of green 
cloverworm, usually maintaining this pest below economic thresholds (Thorvilson and 
Pedigo 1984, Pedigo 1994b). 
d) Others soybean arthropods 
Besides the pests mentioned, there are several minor pests that are capable of having 
an impact on soybean yield or quality. Some of these pests in Iowa and in most of the 
Midwest are the potato leafhopper (Empoasca favae (Harris)), differential grasshopper 
(Melanoplus differentialis (Thomas)), redlegged grasshopper (Melanoplus femurrubrum 
(DeGeer)), blister beetles (Epicauta spp.), and Japanese beetle (Popillia japonica 
Newman) (Steffey et al. 1994, Zeiss and Klubertanz 1994, Martin 2001). 
A new pest species that is colonizing and seems to be established in the Midwestern 
U.S. is the soybean aphid, Aphis glycines Matsumura (Homoptera: Aphidae). This pest 
is native of China and Japan, and it was found in soybean fields during summer and fall 
2000 in Illinois, Indiana, Iowa, Kentucky, Michigan, Minnesota, Missouri, Ohio, West 
Virginia, and Wisconsin. This distribution suggests that this pest has been undetected 
for a number of years. The pest has great pest potential because of its capability to 
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transmit many viruses already present in the U.S. (North Central Pest Management 
Center 2001) 
Entomopathogenic fungi in soybean agroecosvstem 
Entomopathogenic fungi play an important role in maintaining potential soybean 
pests below economic thresholds. These groups of fungi attach and penetrate their hosts' 
cuticle, then replicate internally where they use the hemolymph and tissues as sources of 
nutrients, killing the host in the process (Chamley 1997, Boucias and Pendland 1998). The 
pathogenicity of these fungi depends on several interacting factors, such as fungus 
characteristics, host characteristics, and surrounding environment. In soybeans, 
entomopathogenic fungi have frequent natural epizootics that kill a large proportion of pest 
populations (Fuxa 1994). Naturally occurring epizootics have been recorded for Nomuraea 
rileyi, Beauveria bassiana, Entomphthora gammae, Neozygites floridana, and Metarhizium 
anisopliae (Thorvilson et al. 1985b, Thorvilson et al. 1985c, Klubertanz et al. 1991, Fuxa 
1994, Sosa-Gomez and Moscardi 1994). 
a) Nomuraea rileyi 
Nomuraea rileyi (Deuteromycetes: Moniliales), a green muscardine fungus, is one of 
the entomopathogenic fungi with the best-described life cycle in the literature (Boucias 
and Pendland 1998). This fungus is distributed worldwide, and epizootics in larval 
populations of lepidopterans are frequently observed (Thorvilson et al. 1985a, 
Thorvilson et al. 1985d, Fuxa 1994, Boucias and Pendland 1998). Host specificity varies 
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among isolates of M rileyi; however, most of the isolates have been obtained from 
noctuid larvae (Maniania and Fargues 1984, Ignoffo and Garcia 1985). 
The life cycle of N. rileyi starts when the conidia contact a susceptible host cuticle of 
young larvae. N. rileyi does not generally infect eggs, last larval stage, pupae, or adults 
(Boucias and Pendland 1998). The conidia are hydrophobic allowing them to attach to 
the insect cuticle and form a tight binding. Conidia germination may take up to 48 
hours, secreting extracellular sheath material, which consolidates attachment of the germ 
tubes to the host cuticle (Thorvilson et al. 1985e, Boucias and Pendland 1998). The 
germ tube penetrates the larval cuticle using specific proteases (aminopeptidase, 
chymoelastase, trypsin), chitinases (endochitinase, acetylglucosaminidase), and 
mechanical force. When the germ tubes reach the hemocoel, the fungus switches from a 
hyphal mode of growth to a yeast-type hyphal phase (Boucias and Pendland 1998). 
Hyphal bodies in the green cloverworm are not recognized by phagocytic hemocytes or 
encapsulation (Thorvilson et al. 1985e). Infected larvae die 5 days after inoculation. By 
day 7, all larval tissues have been colonized by the mycelia and start to emerge from the 
cuticle. The emerged mycelia give the dead larva a completely white appearance, and in 
approximately 12 hours the conidia start to be produced on conidiophores (Thorvilson et 
al. 1985e). Several overwintering or resting structures are produced inside of the dead 
larvae with unfavorable environmental conditions (less than 70% of relative humidity, 
temperatures above 15°C) (Thorvilson et al. 1985d, Boucias and Pendland 1998). The 
conidia are disseminated passively by wind or rain, attaching to the cuticle of host larvae 
(Boucias and Pendland 1998). 
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Epizootics on green cloverworm caused by N. rileyi are very common through most 
of the com belt and the southeastern U.S. (Thorvilson and Pedigo 1984, Fuxa 1994). In 
fact, Pedigo et al. (1983) identified N. rileyi as having characteristics of a key biological 
mortality factor of green cloverworm larvae in Iowa soybeans. Data from over 10 years 
of study showed that epizootics caused by N. rileyi on the second generation of green 
cloverworm are density dependent of first generation green cloverworm populations 
(Thorvilson and Pedigo 1984). 
b) Neozygites floridana 
The genus Neozygites (Zygomycetes: Entomophthorales), previously part of the 
genera Entomophthora, has been classified as a new genus based in recent revisions 
(Humber 1989). It is not clear to which family Neozygites belongs. Based in differences 
in the nuclear structure and the behavior of the nucleus during mitosis, some taxonomists 
classify Neozygites and Tliaxoterosporium in a new family Neozygitaceae instead of the 
original family Entomophthoraceae (Alexopoulos et al. 1996, Van Der Geest et al. 
2000). Neozygites floridana has a worldwide distribution, and epizootics have been 
documented in North and South America, Europe, India, Japan, and others countries 
(Van Der Geest et al. 2000). 
The host range of N. floridana is restricted to mites in the family Tetranychidae. 
Even though specificity varies among strains, N. floridana has been a documented 
pathogen of Bryobia sp., Eotetranychus banksi, Mononychellus tanajoa, Olygonychus 
gossypii, Olygonychus pratensis, Panonychus citri, Tetranychus evansi, Tetranychus 
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ludeni, Tetranychus tumidus, and Tetranychus urticae (Camer and Canerday 1968, 
Camer 1976, Van Der Geest et al. 2000). 
Neozygites floridana is an obligatory pathogen, and usually does not kill the host 
until all available nutrients have been utilized. Such may take between 3 to 11 days, 
depending on temperature (Lipa 1971, Camer 1976, Van Der Geest et al. 2000). Its 
asexual life cycle starts when a sticky conidium (adhesive spore or capilliconidia) 
penetrates the mite through the cuticle by using a germ tube (Camer 1976, Boucias and 
Pendland 1998, Van Der Geest et al. 2000). This germ tube will produce secondary or 
tertiary capilliconidia if the germ tube has not penetrated a suitable host (Camer 1976). 
After penetration, the mycelium is formed, which later gets fragmented into short 
segments (hyphal bodies)(Camer 1976). These hyphal bodies are the propagative units 
that reproduce until killing the spider mite, leaving it mummified (Lipa 1971, Camer 
1976, Van Der Geest et al. 2000). Favorable conditions (high relative humidity) 
stimulate the formation of conidiophores that extend through the dead host, producing 
primary conidia (Camer 1976). Primary conidia can have a great variety of changes. 
They can germinate and infect mites, develop conidiophores, producing secondary 
conidia similar to the primary, or they can develop slender capillary tubes, forming 
almond-shaped spores at their tips (capilliconidia)(Camer 1976, Klubertanz et al. 1991). 
Capilliconidia have a disk-like structure with a sticky substance that causes the spores to 
adhere to spider mites or any object that is in contact with them (Camer, 1976, 
Klubertanz et al. 1991, Van Der Geest et al. 2000). The sexual life cycle starts similarly 
to the asexual cycle (infection with a capilliconidia, development of mycelium, and 
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development of hyphal bodies); however, the hyphal bodies go through gametangia and 
fusion, developing into a zygote. Subsequently, they develop into a thick-walled 
zygospore (Van Der Geest et al. 2000). Zygospores or resting spores help the fungus 
survive long periods of unfavorable environmental conditions, especially cold winter 
temperatures (Lipa 1971, Camer 1976, Klubertanz et al. 1991). In the U. S„ production 
of resting spores in N. floridana is restricted to northern areas (Camer 1976). More 
detail of the life cycle of N. floridana can be found in Camer (1976). 
Mortality by N. floridana has been observed ranging from 0-90%. Camer and 
Canerday ( 1968) found that mortality of field-collected T. urticae averaged 88% after 48 
hours of collection from cotton fields in Alabama. Reports of epizootics of N. floridana 
on T. urticae in the Czech Republic have ranged from 80 to 85% (Van Der Geest et al. 
2000). Occurrence of N. floridana on twospotted spider mite in North Carolina has been 
reported to range between 0 to 80% (Brandenburg and Kennedy 1982). Similar 
observations have been reported in Iowa, with infection rates of up to 100% of N. 
floridana on twospotted spider mite (Klubertanz et al. 1991). However, the relative 
importance of disease in spider mites is dependent on climatic conditions, which vary 
from year to year (Van Der Geest et al. 2000). Dry weather conditions inhibit production 
of spores of N. floridana on the mummified spider mites (Camer 1976); also, hot 
weather speeds up the developmental time of spider mites which shortens the time 
between generations (Crooker 1985). Thus, it is no surprise to have very high spider 
mite infestations in crops during periods of hot dry weather such as those of the 1980 s 
in the Midwestern United States (Klubertanz et al. 1991). 
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c) Metarhizium anisopliae 
Metarhizium anisopliae (Deuteromycetes: Moniliales) is one of the green muscardine 
fungi and was first isolated by Metchnikoff in 1879 for its potential as a bioinsecticide 
(Boucias and Pendland 1998). This fungus is the second most widely used fungus for 
microbial control, and it has a worldwide distribution with a host range that exceeds 200 
species of insects (Roberts and Yendol 1971, Boucias and Pendland 1998). However, 
considerable specificity occurs among isolates (Chamley 1997). 
The M. anisopliae life cycle starts with the attachment of conidia to the cuticle of the 
insect. Presence of cuticle-degrading enzymes on the surface of conidia may modify the 
cuticle surface of the host to aid in attachment (Chamley 1997). At the tip of the germ 
tube (penetrant hyphae) secreted enzymes and appresorium aid in the penetration of the 
host cuticle (Boucias and Pendland 1998). The germ tube gives rise to hyphal bodies 
that become distributed throughout the body cavity and give rise to secondary hyphae 
(Chamley 1997). This process can take between 48 hours in isopterans to 6 days in 
elaterids. Metarhizium anisopliae produces a wide range of secondary metabolites, some 
of them potent toxins, responsible to induce paralysis, immunosuppression, and death of 
the host (Chamley 1997). A few days after host death and under warm and humid 
conditions, hyphae emerge, giving rise to conidiophores and production of conidia 
(Chamley 1997). More detail on the cuticle degrading enzymes produced by M. 
anisopliae can be found in Boucias and Pendland (1998). 
Metarhizium anisopliae is one of the most common entomopathogens of soil insects 
found in temperate regions, especially on beetles. Epizootics by M. anisopliae are 
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frequently observed on wireworms (Agriotes spp.) and larvae of Amphimallon solstitialis 
(Chamley 1997). 
d) Beauveria bassiana 
The white muscardine fungus, Beauveria bassiana (Deuteromycetes: MoniMales) 
was first observed parasitizing silkworms (Bombyx mon) around 900 AD in Japan 
(Benham and Miranda 1953, Boucias and Pendland 1998). This fungus was 
experimentally shown to be an infectious agent, which was the starting point of the 
theory of disease by Bassi in 1835 (Alexopoulos et al. 1996, Boucias and Pendland 
1998). Beauveria bassiana has a worldwide distribution and has the widest host range of 
all Deuteromycetes that infect insects (Boucias and Pendland 1998). Even though 
specificity occurs among isolates, certain strains of B. bassiana have been reported to be 
endophytic and to colonize plant tissue (Bing and Lewis 1992). 
Beauveria bassiana is one of the soil inhabitant entomopathogens whose life cycle 
begins the infection by cuticular penetration of host insects (Benham and Miranda 1953, 
Boucias and Pendland 1998). Similarly to M. anisopliae, attachment is aid by conidial 
hydrophobicity and cuticle-degrading enzymes (Boucias and Pendland 1998). Under 
proper environmental conditions, conidial germination and production of different 
cuticle-degrading enzymes occurs within hours. More information about cuticle-
degrading enzymes can be found in Boucias and Pendland (1998). Penetration of the 
host cuticle by the germ tubes generally does not involve the formation of appressoria; 
though, these structures have been observed with some specific isolates (Boucias and 
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Pendland 1998). Following penetration, mycelia invade the hemocoel and start 
producing blastospores (yeast like cells) as early as 48 hours post-infection (Boucias and 
Pendland 1998). A toxin called Beauvericin that weakens the host's immune system is 
produced by B. bassiana. The host dies as a result of starvation or 
physiological/biochemical disruption by the fungus. Beauveria bassiana also produces 
an antibiotic (oosporein) which enables the fungus to outcompete intestinal bacteria. 
Then, the entire body cavity is filled with fungal mycelia and with favorable conditions 
the hyphae emerge, forming conidiophores and producing conidia (Chamley 1997, 
Boucias and Pendland 1998). Ripened conidia are then released into the environment, 
completing the cycle (Chamley 1997). 
Epizootics by B. bassiana have been observed on termites in Germany (Boucias and 
Pendland 1998), larvae of Brassolis sophorae in Brazil (Habib and Andrade 1977), 
larvae of ash weevil (Stereonychus fraxini) in Bulgaria (Markova 1992), grass grub 
larvae (Costelytra zealandica) in New Zealand (Townsend et al. 1995), bean leaf beetle 
(Lam and Pedigo 2000), European com borer (Brack and Lewis 1999), and others. The 
mortality rate varies among host species and B. bassiana isolates; however, reports of 
mortality close to 100% are not infrequent under favorable environmental conditions. 
Crop and pest management in soybeans 
In the U. S., management practices in soybeans have changed over time, mostly 
addressing pest problems and increasing crop efficiency. Some of the practices that have 
changed include tillage methods. Traditional methods (plowing in the fall, disking in the 
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spring, and planting in 1.1-meter rows) have been changing to conservation tillage practices, 
which leave at least 30% of the soil surface covered with crop residue (Gianessi and 
Carpenter 2000). However, these practices have represented additional problems with weed 
management, which have been addressed by developing transgenic soybeans resistant to 
broad-spectrum herbicides. Other pest problems have been addressed with breeding 
programs, which have produced soybean varieties resistant to insect pests and diseases 
(Carlson 1969, Bailey and Furr 1975, Schillinger 1976, Beard, 1980). Thus, it is not 
surprising that less than 1% of the U. S. soybean acreage is treated with insecticides or 
fungicides (Gianessi and Carpenter 2000). 
Soybean genetic improvements 
Soybeans, cultivated for over 4,000 years in eastern Asia, were introduced to the U.S. in 
the 1800's. However, it remained a minor crop for over 100 years (Gianessi and Carpenter 
2000). Prior to 1898 only eight varieties were grown in the U. S.; but by 1923, more than 
1,000 varieties had been introduced from Asia (mostly by research stations). From 1924 to 
1933, more than 6,000 varieties were introduced by the USDA, and by 1947, over 10,000 
varieties had been introduced (Gianessi and Carpenter 2000). 
Most of the genetic improvement in soybeans has been realized by hybridization and 
selection. In fact, all soybean cultivars grown in the U. S. were developed by artificial cross 
pollination (Gianessi and Carpenter 2000). Genetic yield potential was increased by 25% 
between 1940 to 1970. Agronomic characteristics also have been improved, including 
reduced plant height, seed size, seed quality, oil quality, lodging resistance, shattering 
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resistance and resistance to insect, diseases and nematodes (Schillinger 1976, Gianessi and 
Carpenter 2000). 
Genetic improvements in soybeans had been limited to the availability of resistant genes 
found in material that is compatible with soybeans (soybean varieties or related species). 
Traditional breeding efforts in soybeans have been hindered by lack of sufficient variability 
in resistance levels, especially herbicide resistance (Gianessi and Carpenter 2000). Even 
though, soybean varieties show differences in the degree of herbicide resistance, the 
occurrence of genotypes with a high level of resistance have been rare (Palmer and Kilen 
1987). 
Mutation and genetic engineering have been used successfully to create genetically 
altered plants with new genes that provide resistance to pests and broad spectrum herbicides. 
Once the genetic change has taken place, traditional crop breeding has been used to 
introduce those new genes into many soybean cultivars (Palmer and Kilen 1987). 
a) Mutation 
Mutations are changes in the genetic material not caused by normal recombination 
(Russel 1992). Introduction of genetic variation as a result of mutation can be natural or 
induced. Mutation breeding has been used for improvement of agronomic traits, disease 
resistance, and herbicide resistance with the use of known mutagenic agents such as X-
rays, fast neutrons, gamma-rays, or chemical mutagens (Panda and Khush 1995, Gianessi 
and Carpenter 2000). 
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Seed mutagenesis, followed by selection, was conducted by Dupont in the 1980s, 
developing a soybean mutant resistant to sulfonylurea herbicides (Gianessi and Carpenter 
2000). Tolerance was conferred by mutation in a single gene, a gene altering the enzyme 
ALS (acetohydroxyacid synthase) and thus, reducing sensitivity to sulfonylureas 
herbicides (Mazur and Falcon 1989). The sulfonylurea-tolerant soybeans were released 
by Dupont as "STS soybeans" in 1992 (Gianessi and Carpenter 2000). These soybeans 
are tolerant to the herbicides chlorimuron and thifensulfuron at high rates necessary for 
controlling difficult weeds such as lambsquarter, pigweed, momingglory, sicklepod, and 
velvetleaf (Gianessi and Carpenter 2000). 
b) Genetic engineering 
Advances in molecular biology and tissue culture have made possible the 
development of techniques to transfer genes from organism to organism, without the use 
of the normal breeding processes that governs intraspecific inheritance (Panda and 
Khush 1995). Isolated genes from a bacterium, virus, animal or unrelated plant, are 
moved into a crop plant in such a way that they are integrated into the chromosomes and 
expressed (Gianessi and Carpenter 2000). These novel genes can reinforce the existing 
functions or add new traits to the "transformed" plants, generally called transgenic plants 
(Panda and Khush 1995). One significant advantage of biotechnology is that single plant 
traits are able to be altered without the unintended drag of unwanted genes that usually 
occur with traditional breeding methods (Femandez-Comejo and McBride 2000). 
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The most widely used pest management traits used with transgenic crops are insect 
resistance and herbicide tolerance (Fernandez-Cornejo and BcBride 2000). Insect-
resistant transgenic soybeans have already been developed. Transgenic soybeans 
expressing a synthetic cry-1 Ac gene from Bacillus thuringiensis var. kurstaki that 
produces resistance to insects, is waiting for EPA approval to be launched commercially 
in 2002. Field tests conducted in Georgia have shown that transgenic Bt-soybeans (Jack-
Bt) provide adequate levels of resistance to several lepidopteran pests (Walker et al. 
2000). 
The best known and commercially used transgenic soybeans are the soybean varieties 
with tolerance to the herbicide glyphosate, which are known as RoundUp Ready® 
Soybeans (Gianessi and Carpenter 2000). In fact, over 150 seed companies offer more 
than 1,000 RoundUp Ready® varieties (Gianessi and Carpenter 2000). 
Glyphosate is a herbicide that inhibits the enzyme 5-enolpyruvylshikimate-3-
phosphate synthase (EPSPS). Glyphosate binds to EPSP, resulting in this enzyme 
inhibition and causing the plant to starve for EPSP and the metabolic products derived 
from it (Steinrucken and Amrhein 1980). After screening among diverse cultures of 
bacteria, Monsanto scientists found an isolate from Agrobacterium tumifaciens that 
demonstrated extremely high glyphosate tolerance. Then, the glyphosate-resistant 
enzyme (CP4 EPSPS) was isolated, cloned, and introduced into soybeans by the particle 
acceleration method. A commercial variety developed by ASGROW Seed Company 
was used for the transformation. The transgenic plants remain unaffected by glyphosate 
treatment because the introduced glyphosate-tolerant EPSP enzyme meets the plant's 
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need for aromatic amino acids, even though the endogenous EPSP is being inhibited by 
glyphosate (Arnaud et al. 1998). 
Herbicides in soybeans 
A herbicide is any chemical agent that kills or greatly inhibits plant growth. This is 
done by interfering with the normal function of one or more of the metabolic processes vital 
to the life of the plant (Ware 1994). Susceptible plants cannot metabolize the herbicide or 
they metabolize it too slowly for detoxification (Ware 1994). 
Herbicide usage by soybean growers began in the late 1950 s. However, it was not 
until the late 1960 s and early 1970 s that soybean growers adopted herbicides on a wide 
scale. Since 1982, more than 95% of the acreage planted with soybeans have been treated 
with herbicides to control weeds (Gianessi and Carpenter 2000). Over the years, soybean 
growers in the U. S. have switched among specific herbicides due to differences in 
effectiveness in controlling weeds, amount of phytotoxicity to soybeans, and cost (Gianessi 
and Carpenter 2000). By the early 1990 s, there were at least 70 herbicides registered for 
weed management in soybeans. Thus, most weeds in soybean fields could be controlled 
adequately with good management systems (Gianessi and Carpenter 2000). However, with 
the development of transgenic soybeans resistant to glyphosate (introduced in 1996) soybean 
growers have been switching to this system. This is probably due to less complicated weed 
control, broader spectrum weed control, less crop injury, more flexibility in timing 
treatments, less concern of carryover to rotational crops, or others factors. Prior to the 
development of transgenic varieties, glyphosate could not be used directly on soybean plants. 
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Thus, glyphosate's use in soybeans was restricted to spot spraying, recirculating sprayer, or 
as a non-selective "bumdown" herbicide (Gianessi and Carpenter 2000) 
Glyphosate 
Glyphosate (N-[phosphonomethyl]glycine) is a broad-spectrum herbicide sold under the 
trade names of RoundUp®, Rodeo®, Accord®, Kleenup® and Vision®. It was first 
introduced as a herbicide by Monsanto in 1974 (Cox 1995). Glyphosate is a systemic 
herbicide transported from the foliar tissue to metabolically active regions of shoots and root 
tips. In these tissues, glyphosate inhibits the biosynthesis of aromatic amino acids by 
inhibiting the enzyme EPSPS (Steinriicken and Amrhein 1980). The aromatic amino acids 
in plants are essential for the synthesis of proteins and some secondary metabolites. EPSPS 
is present in plants, bacteria, and fungi. 
Glyphosate binds to soil particles and is metabolized by soil bacteria. Glyphosate does 
not exhibit residual activity; it is inactivated by formation of insoluble complexes with 
aluminum, iron and calcium ions in the topsoil (Cox 1995). Degradation by soil micro­
organisms is the same route by which glyphosate is metabolized in the environment. Studies 
on the degradation of glyphosate in the soil show the formation of ammonia, phosphates, and 
carbon (Cox 1995). 
Non-target effect of herbicides 
Studies on non-target effects of herbicides on macro-organisms are a standard 
procedure and are required for registration in the U. S. Extensive toxicological studies of the 
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physical and chemical properties of herbicides are documented and available in the literature 
(Grossbard and Atkinson 1985). However, little is known about the interaction among 
herbicides and microorganisms. Direct effects of herbicides may include predisposition of 
fungi to fungicides, they may act as synergists, or they may have direct fungicidal properties 
(Levesque and Rahe 1992). Herbicides may also have indirect effects, such as interfering 
with the normal interaction between fungi, crop and weeds, especially when natural 
fluctuations in the physical environment and changes in microenvironment occur with weed 
control (Levesque and Rahe 1992). 
Several studies have documented non-target effects of glyphosate on soil microbiota 
(Roslycky 1982, Grossbard and Atkinson 1985, Wardle and Parkinson 1990, Levesque and 
Rahe 1992), soybean pathogens (Cerkauskas 1981, Kassaby 1985, Castano 1986, Gouveiaet 
al. 1993), mycorrhizal fungi (Estok et al. 1989, Chakravarty and Chatarpaul 1990a, 
Chakravarty and Chatarpaul 1990b), and symbiotic bacteria (Eberbach and Douglas 1989). 
A good summary of the literature prior to 1987 is given by Carlisle and Trevors (1987) about 
glyphosate interactions on yeast, soil, water, biodégradation and soil microorganisms. 
Three studies have evaluated the non-target effects of glyphosate on 
entomopathogenic fungi (Gardner and Storey 1985, Harrison and Gardner 1992, 
Mietkiewski et al. 1997). Glyphosate has not been shown to inhibit germination of B. 
bassiana germination or survivorship in the soil (Gardner and Storey 1985, Harrison and 
Gardner 1992). However, glyphosate significantly inhibited mycelial growth (Gardner and 
Storey 1985). Results from the in vitro study showed that the fungal growth decreased with 
an increasing concentration of glyphosate in the growth medium of all entomopathogenic 
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fungi tested (B. bassiana, M. anisopliae, Paecilomyces fumosoroseus, and Paecilomyces 
farinosus) (Mietkiewski et al. 1997). However, isolates of these fungi taken from 
glyphosate-treated soils had similar infection rates to isolates from soils not treated with 
herbicides (Mietkiewski et al. 1997). No other studies in the literature have evaluated the 
interaction of glyphosate and/or glyphosate formulations on entomopathogenic fungi. 
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CHAPTER 2. 
Fungicidal Effects of Glyphosate and Glyphosate Formulations on Four Species of 
Entomopathogenic Fungi 
A paper submitted to the Journal of Environmental Entomology 
Wilmar E. Moijan, Larry P. Pedigo, and Leslie C. Lewis 
Department of Entomology, Iowa State University 
Ames, LA 50011 
ABSTRACT 
Fungicidal effects of glyphosate and glyphosate formulations on the 
entomopathogenic fungi Beauveria bassiana (Balsamo) Vuillemin, Metarhizium anisopliae 
(Metchnikoff) Sorokin, Nomuraea rileyi (Farlow) Samson, and Neozygites floridana Weiser 
and Muma were evaluated under laboratory conditions. Media previously inoculated with 
entomopathogenic fungi were exposed to distilled water, glyphosate (active ingredient), 
seven glyphosate formulations, and five blank formulations (carrier only). The fungicidal 
activity was determined by measuring inhibition in mycelial growth in solid media (B. 
bassiana, M. anisopliae, and N. rileyi), and spore density in liquid medium (M floridana). 
Glyphosate did not have fungicidal activity against any of the fungi tested. Fungicidal 
properties of glyphosate formulations varied among fungal species. Neozygites floridana 
and M. anisopliae were susceptible to all glyphosate formulations. RoundUp Ready-To-Use 
was consistently the glyphosate formulation with one of the strongest fungicidal properties. 
Fungicidal activity of some formulations had a synergistic effect with glyphosate. RoundUp 
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Original was the only formulation that did not show any interaction on fungicidal activity 
between glyphosate and the formulation. The results showed that the four fungi tested are 
susceptible to various glyphosate formulations when exposed to field concentrations. 
KEY WORDS: entomopathogens, non-target effects, herbicide, biological control, 
moniliales, entomophthorales 
RESUMEN 
Los effectos fungicidas de glyphosato y formulaciones de glyphosato fueron 
evaluados bajo condiciones de laboratorio en los hongos entomopatôgenos Beauveria 
bassiana (Balsamo) Vuillemin, Metarhizium anisopliae (Metchnikoff) Sorokin, Nomuraea 
rileyi (Farlow) Samson, y Neozygites floridana Weiser and Muma. Medios de crecimiento 
previamente inoculados con los hongos entomopatôgenos fueron expuestos a agua destilada, 
glyphosato (ingrediente activo), siete formulaciones de glyphosato, y cinco formulaciones 
sin ingrediente activo (solamente inertes). La actividad fungicida fue determinada en medios 
de crecimiento sôlidos midiendo el area de crecimiento miceliar inhibido (B. bassiana, M. 
anisopliae, y N. rileyi), y en el medio de crecimiento liquide determinando la densidad de 
esporas (N. floridana). Glyphosato no tuvo ninguna acti vidad fungicida para ninguno de los 
hongos. Las propiedades fungicidas de las formulaciones de glyphosato diferieron entre las 
especies de hongos. Neozygites floridana y M. anisopliae fueron susceptibles a todas las 
formulaciones de glyphosato. RoundUp Ready-To-Use fue consistentemente una de las 
formulaciones de glyphosato con propiedades fungicidas mas fuertes. La acti vidad fungicida 
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de varias formulaciones tuvieron un effecto sinérgico con glyphosato. RoundUp Original 
fue la ûnica formulaciôn que no mostrô ninguna interacciôn en la acti vidad fungicida entre 
glyphosato y la formulacion. Los resultados muestran que los cuatro hongos en este estudio 
son susceptibles a varias de las formulaciones de glyphosato cuando expuestos a 
concentraciones de campo. 
Introduction 
Little is known about the interaction among herbicides and microorganisms 
compared to the knowledge of the effects of herbicides on plants. Some direct effects of 
herbicides, besides killing weeds, may include predisposition of fungi to fungicides, acting 
as synergistics or having fungicidal properties (Levesque and Rahe 1992). Herbicides also 
may have indirect effects caused by weed control. These may include changes in the normal 
interaction between fungi, crop, and weeds, and changes in microenvironment (Levesque 
and Rahe 1992). 
One of the herbicides that ranks among the top ten herbicides used in the U. S. in 
agricultural and non-agricultural situations is glyphosate (Cox 1995). Glyphosate (N-
[phosphonomethyl]glycine) is a broad-spectrum herbicide sold under the trade names of 
RoundUp, Rodeo, Accord, Kleenup, and Vision. The total sales of RoundUp were 
approximately $1 billion in 1991 (Levesque and Rahe 1992). In Canada in 1988, 81% of the 
forests treated with herbicides were treated with RoundUp (Levesque and Rahe 1992). 
Glyphosate inhibits the biosynthesis of aromatic amino acids in shoots and roots tips 
in plants and some microorganisms by inhibiting the enzyme EPSP (5-
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enolpyruvylshikimate-phosphate) of the shikimic acid pathway (Jaworski 1972, Steinrucken 
and Amrhein 1980). The absence of the shikimic acid pathway in animals means that 
glyphosate has very low toxicity for animals (Levesque and Rahe 1992). 
Because glyphosate is a non-selective herbicide, its use in agriculture crops was 
limited to pre-plan ting sprays, spot sprays, or screen sprays. Thus, sprays rarely covered 
100% of the crop area once the crops emerged. However, with genetically engineered crops 
resistant to glyphosate, such as RoundUp Ready Soybean and RoundUp Ready Corn, 
glyphosate is now sprayed on nearly 100% of the planted area after emergence. 
Some formulated glyphosate have shown some fungicidal properties. These 
properties vary among pathogenic and saprophytic fungal species (Grossbard and Atkinson 
1985, Chakravarty and Chatarpaul 1990a, Wardle and Parkinson 1992). For example, 
fungicidal effects from formulated glyphosate have been reported in species such as 
Rhizoctortia solani Kiihn (Black et al. 1996), Fusarium solani (Martius) Saccardo 
(Abduisalam et al. 1990, Kawate et al. 1992), Glomus etunicatum Becker and Gerdemann 
(Paula and Zambolim 1994), Nectria galligena Bresadola (Burgiel and Grabowski 1996), 
Septoria nodorum Berkeley (Harris and Grossbard 1979), and Phytophthora spp. (Utkhede 
1982, Kassaby 1985, Kassaby and Hepworth 1987); but no detrimental effects from these 
formulations have been reported against species such as Drechslera teres (Saccardo) 
Shoemaker (Toubia-Rahme et al. 1992) and Pythium ultimum Trow (Kawate et al. 1992). 
Even though glyphosate may negatively affect microorganisms, it has been suggested 
such effects are not likely under field conditions (Cox 1995). The reasoning is that 
glyphosate binds to clay and many soil types, reducing its movement in the soil (Cox 1995). 
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Therefore, glyphosate formulations will be present in the surface of the soil of the areas 
treated. Knowing this, and that the half-life of glyphosate can be up to 141 days in Iowa 
soils (Cox 1995), negative consequences may occur to entomopathogenic fungi that 
generally inhabit the soil surface. 
In Iowa, entomopathogenic fungi play a key role in causing diseases in arthropod 
populations. With adequate moisture and temperature, entomopathogenic fungi are 
considered the most important mortality factor of several arthropod pests, maintaining 
populations below economic thresholds. The twospotted spider mite (Tetranychus urticae 
Koch) in soybeans and com is maintained at subeconomic levels by Neozygites floridana 
Weiser and Muma in fields with high relative humidity (Klubertanz 1989, Klubertanz et al. 
1991). Another pest is the green cloverworm (Hypena scabra (F.)) on soybeans, which is 
usually suppressed by Nomuraea rileyi (Farlow) Samson (Rice 1997). Other pests 
suppressed by fungi include the alfalfa weevil (Hypera postica (Gyllenhal)) by Zoophthora 
phytonomi (Arthur) Batko in alfalfa fields (Giles et al. 1994), and grasshopper (Acrididae) 
populations by Entomophaga grylli (Fresenius) Batko (Pickford and Riegert 1963). 
In crops where environmental conditions or chemicals negatively affect 
entomopathogens, spider mites usually become a serious pest very rapidly (Campbell 1978, 
Brandenburg and Kennedy 1983, Bower et al. 1995). This is caused by their extremely short 
generation time (14 days to complete a generation) and female fecundity (approximately 300 
eggs per female) (Huffaker et al. 1969). In Iowa in 1988, 2.4 million acres of soybeans were 
treated with insecticide because of a spider mite outbreak (Higley and Boethel 1994), and 
many fields that were not treated on time had yield losses of 40 to 60% (Higley and 
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Wintersteen 1989). In 1997, small outbreaks of spider mites in fields planted with 
transgenic soybeans were reported in Story County, Iowa (L. P. Pedigo personal 
communication). If entomopathogenic fungi are susceptible to glyphosate formulations, 
spraying this herbicide with 100% coverage in soybean fields may be detrimental to the 
entomopathogenic fungi, thus, enhancing pest outbreaks and requiring the use of 
insecticides. 
Therefore, the objective of this study was to evaluate the effects of glyphosate and 
glyphosate formulations on the entomopathogenic fungi Beauveria bassiana, Nomuraea 
rileyi, Metarhizium anisopliae (Metchnikoff) Sorokin, and Neozygites floridana. 
Materials and Methods 
Isolates. Four species of entomopathogenic fungi were obtained from USDA-ARS 
collection of entomopathogenic fungi (ARSEF) Ithaca, NY. The species included: 
1) Beauveria bassiana (Deuteromycetes: Moniliales) culture No. 501 (R. L. Jones) 
isolated from European corn borer, Ostrinia nubilalis (Hiibner) (Lepidoptera: 
Crambidae), 
2) Nomuraea rileyi (Deuteromycetes: Moniliales) culture No. 762 (T. A. Coudron) 
isolated from green cloverworm, Hypena scabra (Lepidoptera: Noctuidae), 
3) Metarhizium anisopliae (Deuteromycetes: Moniliales) culture No. 324 (CSIRO 
FI48) isolated from Austracris guttulosa (Orthoptera: Acrididae), 
4) Neozygites floridana (Zygomycetes: Entomophthorales) culture No. 662 (R. A. 
Humber) isolated from twospotted spider mite Tetranychus urticae (Acari: 
45 
Tetranychidae). 
Growth media. B. bassiana and M. anisopliae were grown on Sabouraud dextrose 
agar plus 1% yeast extract (SDAY) (4% dextrose, 1% peptone, 1.5% agar, and 1% yeast 
extract). N. rileyi was grown on Sabouraud maltose agar plus 1% yeast extract (SMAY) (4% 
maltose, 1% peptone, 1.5% agar, and 1% yeast extract). N. floridana was grown in liquid 
tissue culture medium (Grace's medium, and 5% fetal bovine serum). 
Treatments. The treatments consisted of seven glyphosate formulations, five blank 
formulations (formulations without the active ingredient), glyphosate (pure active 
ingredient) as a control for formulations, and distilled water as a control (Table 2.1). The 
concentration of glyphosate, glyphosate formulations, and blank formulations were 
standardized to 0.96% active ingredient, the lowest recommended dose for field 
applications. 
In vitro tests. Experiments were conducted at 21 ± 2°C, and fungi were grown for 
21 days. Fungal inocula were cultured from the original isolates in petri dishes (solid media) 
for B. bassiana, M. anisopliae, and N. rileyi, and in tissue culture flasks (liquid medium) for 
N. floridana. Conidia grown in petri dishes were harvested in 100 ml vials containing 
sterilized distilled water. This spore-suspension was used for inoculation in the experiment 
with fungi grown in solid media. The N. floridana inoculum consisted of the liquid medium 
with fungus without dilutions. The concentration of spores was 13.7 x 106 spores/ml for B. 
bassiana, 6.2 x 106 spores/ml for M. anisopliae, 5.5 x 106 spores/ml for M rileyi, and 180 x 
106 spores/ml for M floridana. 
Petri dishes containing media specific for each fungus were inoculated by pouring 1 
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ml of spore suspension on the media and distributed with a sterilized cell spreader (6 cm 
length). Treatments were applied by individual blank paper discs of 6.36 mm diameter 
(BBL, Fisher Scientific Company, P.O. Box 360153 Pittsburgh, PA 15250-6153). The blank 
papier discs were submerged individually for five minutes in beakers containing designated 
treatments (Table 2.1). Then the discs were placed on a sterile petri dish to let them dry, and 
after dried, they were placed in the inoculated petri dish (Fig. 2.1). Each treatment had 10 
replicates. 
For N. floridana, 8 ml of medium was poured into tissue culture flasks (50 ml 
capacity) and inoculated with 1 ml of spore suspension. Treatments (Table 2.1) were 
applied to individual culture flasks with 1 ml of treatment solution. Each treatment had 6 
replicates. 
Growth inhibition measurements. The fungicidal effects of the treatments were 
evaluated after 21 days. Fungicidal effects in B. bassiana, M. anisopliae, and N. rileyi were 
quantified as the area (cm2) around the blank paper discs with no and poor mycelial 
development. Measurements were taken by capturing digital pictures of the petri dishes 
using an Apple Computer, Incorporated (Cupertino, CA) G3 computer equipped with a 
Scion Corporation (Federic, MD) CG-7 frame-grabber and a Sony (Ithaca, IL) DXC-3000A 
color video camera. This apparatus was set to capture images at a resolution of 18.8 
pixels/mm2. The photographs were analyzed using Scanalytic, Incorporated (Fairfax, VA) 
IPLab image analysis software, measuring the area around paper discs showing fungal 
inhibition. For N. floridana, fungicidal properties of the treatments were measured as the 
spore density (spores/ml) by using a hemacytometer. 
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Data were analyzed as a completely randomized design and separation of means was 
done using least significant comparison analysis (Fisher PLSD)(PROC ANOVA, SAS 
Institute 1985). 
Results and Discussion 
Effect of glyphosate. No statistical differences in fungal inhibition were detected 
between glyphosate (N-[phosphonomethyl]glycine) and distilled water on the four 
entomopathogenic fungi tested (P > 0.05) (Table 2.2; Fig. 2.2). These results indicate that 
spore germination and mycelial growth of B. bassiana, M. anisopliae, N. rileyi, and N. 
floridana are not affected by glyphosate when exposed to a field concentration of 0.96% AI. 
In contrast, studies with the plant pathogenic fungi Fusarium solani and Pythium ultimum 
have shown that mycelial growth and spore production are stimulated or inhibited by 
glyphosate (pure active ingredient), depending on concentrations of the active ingredient 
(Kawate et al. 1992). 
Even though studies on the fungicidal properties of glyphosate against several 
species of plant pathogenic, saprophytic, and entomopathogenic fungi have reported high 
variability, we were not able to compare these data with our results. Those studies used 
herbicide formulations containing glyphosate, but glyphosate (active ingredient) alone was 
not tested (Harris and Grossbard 1979, Utkhede 1982, Johal and Rahe 1984, Kassaby 1985, 
Chakravarty and Sidhu 1987, Kassaby and Hepworth 1987, Mekwatanakam and 
Sivasithamparam 1987, Estok et al. 1989, Sharma et al. 1989, Abduisalam et al. 1990, 
Chakravarty and Chatarpaul 1990a, Chakravarty and Chatarpaul 1990b, Mietkiewski et al. 
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1990, Martensson 1992, Abdel-Mal lek et al. 1994, Paula and Zambolim 1994, Burgiel and 
Grabowski 1996). Fungicidal activity of commercial herbicide formulations may be caused 
by the active ingredient, the inert ingredients, or an interaction between these. Therefore, 
differences in fungicidal activity observed among studies may vary because of differences in 
the formulations tested, rather than glyphosate alone. 
Effect of glyphosate formulations. The fungicidal property of glyphosate 
formulations varied among species of the fungi tested (Table 2.2; Fig. 2.2). N. floridana and 
M. anisopliae were susceptible to all glyphosate formulations, but not to glyphosate (active 
ingredient) (Table 2.2; Fig. 2.2). Among the entomopathogenic fungi tested in solid media, 
B. bassiana showed less susceptibility to glyphosate formulations, with a growth inhibition 
of less than 3.13 cm2, compared to M. anisopliae (6.84 cm2) and N. rileyi (7.55 cm2) (P < 
0.05) (Table 2.2). RoundUp Ready-To-Use was consistently the glyphosate formulation 
with one of the strongest fungicidal properties on the four entomopathogenic fungi (P < 
0.05) (Table 2.2; Fig. 2.2). 
Beauveria bassiana growth was inhibited by five of the seven glyphosate 
formulations (Table 2.2). RoundUp Ready-To-Use, RoundUp Pro, RoundUp Ultra, and 
RoundUp Ultra RT had the strongest fungicidal properties, inhibiting spore germination and 
mycelial growth in an area ranging from 2.67 to 3.13 cm2 (Table 2.2). The formulations 
RoundUp Original and RoundUp Ultra 2 did not significantly inhibit mycelial growth and/or 
spore germination of B. bassiana (P > 0.05) (Table 2.2). 
Metarhizium anisopliae growth was inhibited by all glyphosate formulations (P < 
0.05) (Table 2.2). The formulation with the highest fungicidal properties was RoundUp 
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Ready-To-Use, which inhibited an area of 6.84 cm2 (Table 2.2). The formulation with the 
lowest fungicidal properties on M. anisopliae was RoundUp RT, inhibiting an area of 1.64 
cm2 (Table 2.2). 
Nomuraea rileyi mycelial growth and spore germination was inhibited by three of the 
seven glyphosate formulations (P < 0.05) (Table 2.2). RoundUp Ready-To-Use had the 
highest fungicidal activity, inhibiting 7.55 cm2 (Table 2.2). There were no statistical 
differences among three glyphosate formulations (RoundUp Original, RoundUp Pro, and 
RoundUp RT) and the controls (glyphosate and water) which suggests that fungicidal 
activity against N. rileyi is very low or non-existent with these formulations (Table 2.2). 
Neozygites floridana spore density was reduced by more than 50% by all glyphosate 
formulations (P < 0.05) (Fig. 2.2). RoundUp Ready-To-Use was the formulation with the 
strongest fungicidal activity, having less than 4x10* spores/ml compared to 189 x 106 
spores/ml with distilled water (P < 0.05) (Fig. 2.2). The glyphosate formulations with the 
lowest fungicidal activity were RoundUp Original (83 x 106 spores/ml), RoundUp Ultra 2 
(73 x 106 spores/ml), and RoundUp RT (69 x 106 spores/ml) (Fig. 2.2). 
Inhibition in colony growth by a glyphosate formulation (not identified in the study) 
has already been documented on four entomopathogenic fungi, B. bassiana, M. anisopliae, 
Paecilomyces farinosus (Holmskiold) Brown and Smith, and Paecilomyces fumosoroseus 
(Wize) Brown and Smith (Mietkiewski et al. 1997). Similarly, inhibition of mycelial growth 
in B. bassiana has been shown with RoundUp 4E (Gardner and Storey 1985). These studies 
did not test technical glyphosate alone. Thus, our results, i.e. glyphosate does not have 
fungicidal activity against B. bassiana, M. anisopliae, N. rileyi, and N. floridana, but several 
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formulations did, lead us to believe that the fungicidal activity observed in those studies was 
caused by the formulations (inert ingredients alone or interactions among inert ingredients 
and glyphosate). 
Interactions of glyphosate and formulations. Interactions in fungicidal properties 
between formulations and active ingredient were observed in four of the five formulations 
tested. Every fungus had at least one blank formulation (formulation without active 
ingredient) that had significantly higher or lower fungicidal activity when compared with its 
corresponding glyphosate formulation (P < 0.05) (Table 2.2; Fig. 2.2). RoundUp Original 
was the only formulation that did not show any interaction in fungicidal activity between 
formulation and glyphosate (P > 0.05) (Table 2.2; Fig. 2.2). Thus, its fungicidal activity 
observed on M. anisopliae and N. floridana was from the inert ingredients alone. 
Greater fungicidal activity was observed against B. bassiana by three of the five 
formulations containing glyphosate (RoundUp Pro, RoundUp Ultra, and RoundUp Ultra RT) 
compared to their corresponding blank formulations (P < 0.05) (Table 2.2). Similarly, one 
formulation containing glyphosate (RoundUp Pro) showed higher fungicidal activity against 
M. anisopliae than its corresponding blank formulation (P < 0.05) (Table 2.2). Thus, inert 
ingredients in these formulations seem to have a synergistic effect with glyphosate, perhaps 
inhibiting mycelial growth and spore germination. Lack of statistical differences (P < 0.05) 
between the glyphosate formulations and their equivalent blank formulations suggests that 
glyphosate does not interact with the inert ingredients on their fungicidal activity on B. 
bassiana (RoundUp Original and RoundUp RT) and M. anisopliae (RoundUp Original, 
RoundUp Ultra, RoundUp RT, RoundUp UltraRT) (Table 2.2). 
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The glyphosate formulation RoundUp RT had significantly less fungicidal activity 
against N. rileyi than did its blank formulation (P < 0.05) (Table 2.2). This indicates that 
glyphosate interferes with the inert ingredients present in that formulation in their fungicidal 
activity on N. rileyi. No statistical differences between the other four glyphosate 
formulations and their respective blank formulations suggest that there are no interactions on 
N. rileyi spore germination and mycelial growth (P > 0.05) (Table 2.2). 
Neozygites floridana spore density was significantly higher in four of the five 
glyphosate formulations (RoundUp Pro, RoundUp Ultra, RoundUp RT, and RoundUp Ultra 
RT) than their equivalent blank formulations (P < 0.05) (Fig. 2.2). This indicates an 
antagonism or interference by glyphosate in the fungicidal activity of these formulations. 
These results may be caused by differences in the pH of the glyphosate formulations versus 
their corresponding blank formulations as has been shown in studies with tadpoles of four 
Australian frogs (Mann and Bidwell 1999). 
Differences in fungicidal activity between glyphosate and different formulations are 
not surprising since some of the inert ingredients in formulations may increase or reduce the 
toxicity of the pesticide to specific organisms (Ware 1994). Though some inert ingredients 
may increase the toxicity of the pesticide, they are not toxic in themselves (Ware 1994, 
Pedigo 2002). Glyphosate and glyphosate formulations (processed active ingredient plus 
addition of compounds that improve its properties) have been shown to have different 
toxicity to four species of frogs (Mann and Bidwell 1999). In the frog study, RoundUp R 
was the most toxic to the immature frogs, compared to Touchdown R, RoundUp R 
Bioactive, and glyphosate (pure active ingredient) (Mann and Bidwell 1999). Also, 
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differences in species sensitivity to the different glyphosate formulations were observed 
(Mann and Bidwell 1999). Similarly, our study found that fungicidal effects of glyphosate 
formulations varied among species of entomopathogenic fungi, with B. bassiana being less 
susceptible than M. anisopliae and N. rileyi (Table 2.2). Of the fungi grown in the solid 
media, only RoundUp RT with N. rileyi showed a negative interaction in the fungicidal 
activity, when glyphosate was present (Table 2.2). In contrast, all the interactions detected 
between glyphosate and the inert ingredients with respect to fungicidal activity against fungi 
grown in solid media, were positive synergistic effects (Table 2.2). However, not all 
formulations were tested for interactions of inert ingredients with the active ingredient 
because some blank formulations were unavailable (RoundUp Ready-To-Use and RoundUp 
Ultra 2). 
The results of our in vitro study indicate that the four entomopathogenic fungi tested 
(B. bassiana, M. anisopliae, N. rileyi, N. floridana) are susceptible to various glyphosate 
formulations when exposed to field concentrations. Determining which inert ingredients are 
interacting with glyphosate or causing the fungicidal activity to the entomopathogens should 
be evaluated. Even though formulations usually are classified information of most 
companies, cooperative studies between them and public researchers would be beneficial. In 
such studies, the companies could provide information about the formulation's inert 
ingredients to be tested for their fungicidal activity on entomopathogens. However, if 
information about the inert ingredients is not available, analytical studies should be 
conducted to establish what the inert ingredients are, so they could be tested both separately 
and in combination. Determining the fungicidal activity or interaction of individual inert 
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ingredients could produce valuable information necessary to better understand the non-target 
effects of herbicide formulations. 
Application of herbicides with fungicidal properties detrimental to entomopathogenic 
fungi may have a direct impact on the natural epizootics necessary for adequate pest 
regulation in treated fields. Therefore, field responses of entomopathogenic fungi and other 
microorganisms important in agroecosystems to glyphosate formulations and other agents 
with fungicidal activity should be known and considered in integrated pest management 
decision making. 
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Table 2.1. Treatments used in this study (treatments at 0.96% AI)a 
Treatment with glyphosate Treatment without glyphosate 
RoundUp Ready-To-Use 
RoundUp Ultra 2 
RoundUp Original RoundUp Original (blank) 
RoundUp Pro RoundUp Pro (blank) 
RoundUp Ultra RoundUp Ultra (blank) 
RoundUp RT RoundUp RT (blank) 
RoundUp Ultra RT RoundUp Ultra RT (blank) 
Glyphosate (99% purity) Distilled water (control) 
a Blank formulations were diluted to the equivalent of the dilutions of glyphosate 
formulations (0.96% AI). 
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Table 2.2. Effect of glyphosate, glyphosate formulations, and blank formulations on the in 







RoundUp Ready-To-Use 2.93 ± 0.84 a 6.84 ± 1.70 a 7.55 ± 1.63 a 
RoundUp Ultra 2 0.56 ± 0.80 cde 4.25 ± 1.73 b 3.11 ± 1.65 c 
RoundUp Original 0.23 ± 0.26 e 2.80 ± 1.38 bed 0.43 ± 0.60 d 
RoundUp Original blank 0.33 ± 0.42 de 1.91 ± 1.45 d 0.08 ±0.21 d 
RoundUp Pro 2.67 ± 1.09 a 4.17 ± 1.56 b 0.85 ± 1.01 d 
RoundUp Pro blank 0.99 ± 0.60 c 2.15 ± 0.99 cd 0.27 ±0.41 d 
RoundUp Ultra 3.13 ± 1.01a 3.10 ±2.47 bed 3.30 ± 2.58 c 
RoundUp Ultra blank 1.89 ± 0.9 b 1.96 ± 1.96 d 2.84 ± 1.82 c 
RoundUp RT 0.91 ±0.68 cd 1.64 ± 1.48 d 1.38 ± 1.65 d 
RoundUp RT blank 0.44 ± 0.49 cde 2.47 ± 2.18 cd 5.22 ± 2.64 b 
RoundUp Ultra RT 2.92 ± 0.50 a 3.55 ± 1.54 be 3.53 ± 1.79 c 
RoundUp Ultra RT blank 0.99 ±0.54 c 2.97 ± 2.65 bed 3.56 ± 1.74 c 
Distilled water 0 e 0.09 ± 0.20 e 0.19 ± 0.37 d 
Glyphosate Oe 0 ± 0 e 0.23 ± 0.26 d 
a Data are average area of fungal growth inhibited (cm2) ± standard deviations. 
b Values in columns followed by the same letters are not statistically different (P < 0.050, 
Fisher PLSD test). 
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Figure 2.1. Graphie representation of petri dishes inoculated with entomopathogens and 
distribution of treatments applied with blank paper discs. Numbers and letter represent 
treatments. W, distilled water; G, glyphosate; 1, RoundUp Ready-To-Use; 2, RoundUp 
Ultra2; 3, RoundUp Original; 4, RoundUp Original blank; 5, RoundUp Pro; 6, RoundUp Pro 
blank; 7, RoundUp Ultra; 8, RoundUp Ultra blank; 9, RoundUp RT; 10, RoundUp RT 














Figure 2.2. Effect of different glyphosate, glyphosate formulations, and blank formulations 
on the in vitro growth of Neozygites floridana. Data are average spore density (spores xlO6 
/ml; ± standard deviations). Bars with same letters are not statistically different (P < 0.050, 
Fisher PLSD test). 
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CHAPTER 3. 
Suitability of Transgenic Glyphosate Resistant Soybeans to Green Cloverworm 
(Lepidoptera: Noctuidae) 
A paper to be submitted to the Journal of Economic Entomology 
Wilmar E. Moijan and Larry P. Pedigo 
Department of Entomology, Iowa State University 
Ames, LA 50011 
ABSTRACT 
Host plant suitability to green cloverworm, Hypena scabra (F.), was evaluated on 
two conventional soybean varieties (Stine 2499-0 and 2972-2), and two RoundUp Ready 
Soybeans (Stine 2506-4 and 2892-4) with and without exposure to glyphosate. No statistical 
differences among treatments were detected on developmental time and survivorship. 
Developmental time from first instar to adult ranged from 24.7 to 25.5 days, and 
survivorship ranged from 86 to 96%. No sex bias was observed among treatments, sex ratio 
ranging from 0.41 to 0.50 (proportion of females). Morphological differences were observed 
between sexes; males had a longer and wider thorax, longer wings, and longer body. 
Females had longer and wider abdomens. Although treatments did not affect size 
(calculated with principal component analyses), significant differences were observed 
between males and females. These results suggest that soybean genetic differences (between 
conventional varieties and analogous transgenic varieties) or plant stress (induced by 
glyphosate metabolism) do not affect the plant suitability to H. scabra. 
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RESUMEN 
El effecto como hospedero, de dos variedades convencionales de soya (Stine 2499-0 
and 2972-2), y dos variedades de soya RoundUp Ready (Stine 2506-4 and 2892-4) expuestas 
y no expuestas a glyphosato, fueron evaluadas para Hypena scabra (F.). Ninguna diferencia 
estadfstica entre los tratamientos fue detectada en la duraccion de désarroi lo del insecto o su 
sobrevivencia. La duraciôn de desarrollo de primer instar para adulto ocilô entre 24.7 y 25.5 
dias, y la sobrevivencia fluctué entre 86 y 96%. La relation sexual (hembra:macho) fue 
similar entre los tratamientos, la cual ocilô entre 0.41 y 0.5 (proportion de hembras sobre el 
total de adultos). Diferencias morfologicas fueron observadas entre uno y otro sexo, machos 
tuvieron un thorax mas largo y ancho, alas mas largas, y fueron mas largos que las hembras. 
Las hembras tuvieron abdômenes mas largos y anchos. Aunque entre los tratamientos no se 
encontraron diferencias en tamano (calculado usando anâlisis de componente principal), se 
observaron diferencias significativas entre machos y hembras. Estos resultados indican que 
las diferencias genéticas en la soya (entre variedades convencionales y variedades 
transgénicas anâlogas) o el estrés en plantas (inducido por la metabolizaciôn de glyphosato) 
no afecta la calidad de la planta como hospedero de H. scabra. 
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Introduction 
An important method for managing insect pest populations that can play a key role in 
an integrated pest management system is host plant resistance (Panda and Khush 1995, 
Awan et al. 1996). Resistance in soybeans to several insect pests has been identified and 
incorporated into many varieties (Schillinger 1976, Jones and Sullivan 1978, Oilman et al. 
1982, Sullivan 1985). For example, several commercial soybean varieties have shown 
resistance to injury by foliar-feeding insects when compared to traditional varieties 
(Schillinger 1976, Lambert and Kilen 1984, Gilreath et al. 1986). 
The degree of resistance in plants, especially those involving physiological processes, 
is subject to environmental influences. Environmental factors (biotic and abiotic) can 
change the magnitude and the expression of resistance because they may affect the plant 
physiology (Panda and Khush 1995). For example, metabolism in plants is usually modified 
under stress conditions, which can affect the expression of host plant resistance (Norris and 
Kogan 2000). Several studies have shown that variations in soil fertility can affect the level 
of insect damage (tolerance), as well as modify the expression of antixenosis and antibiosis 
in resistant plants (Kindler and Staples 1970, Singh and Agarwal 1983, Scriber 1984, 
Barbour et al. 1991). Similarly, the level of resistance or susceptibility can be affected by 
agricultural chemicals, such as inorganic fertilizers, pesticides, and growth regulators (Panda 
and Khush 1995, Norris and Kogan 2000). Herbicides have been shown to change 
susceptibility of crop plants to pathogens by changing physiological and biochemical 
processes (Heitefuss 1991). For example, susceptibility of tomato to Fusarium crown and 
root rot disease is induced by glyphosate in resistant cultivars (Brammall and Higgins 1987). 
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Similarly, herbicides can affect susceptibility of crop plants to insect pests, e.g., the 
herbicide EPTC (S-ethildipropylthiocarbamate) has been shown to induce resistance in 
cabbage to Plutella xylostella (L.), Pieris rapae (L.) and Trichoplusia ni (Hubner) 
(Ei gen brode et al. 1993). However, studies that evaluate the effect of herbicides on levels of 
resistance to insect pests are lacking. 
One of the most used herbicides in the U. S. in agricultural and non-agricultural 
situations is glyphosate (Cox 1995). Glyphosate (N-[phosphonomethyI]glycine) is a broad-
spectrum herbicide that inhibits the biosynthesis of aromatic amino acids in shoots and root 
tips in plants by inhibiting the enzyme EPS? (5-enolpyruvylshikimate-phosphate) of the 
shikimic acid pathway (Jaworski 1972, Steinrucken and Amrhein 1980). The absence of the 
shikimic acid pathway in animals means that glyphosate has very low toxicity for animals 
(Levesque and Rahe 1992). 
In the past, glyphosate's lack of selectivity limited its use in agriculture crops to pre-
planting sprays, spot sprays, or screen sprays. Thus, crop plants rarely were exposed to 
glyphosate. However, with the development of transgenic crops resistant to glyphosate, such 
as RoundUp Ready Soybean, RoundUp Ready Corn and RoundUp Ready Cotton, glyphosate 
is now sprayed on fields planted with these crops. The transgenic plants remain unaffected 
by glyphosate treatment because the introduced glyphosate-tolerant EPSP enzyme (from 
Agrobacterium tumifaciens) meets the plant's need for aromatic amino acids, even though 
the endogenous EPSP is being inhibited by glyphosate (Arnaud et al. 1998). The influence 
of glyphosate on the physical or chemical factors mediating the resistance to pests has not 
been evaluated in soybeans. 
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One way to test potential differences in soybean suitability to several generalist insect 
species is to determine the levels of suitability to one generalist insect pest (Lambert and 
Kilen 1984). This method reduces costs and time-consuming processes of screening each 
insect species. Commercial soybean genotypes when tested against Anticarsia gemmatalis 
Hubner, Heliothis zea (Boddie), H. virescens (F.), and Pseudoplusia includens (Walker), 
showed that genotypes resistant to one of the insect species were also resistant to the other 
species evaluated (Lambert and Kilen 1984). 
The organism selected for our study was the green cloverworm, H. scabra, a 
common defoliator of soybeans that can cause significant yield losses throughout the 
southern and central regions of the U.S. (Stone and Pedigo 1972, Myers and Pedigo 
1977,Hammond and Pedigo 1982, Ostlie and Pedigo 1985). The objectives of this study 
were to determine if host suitability to green cloverworm differs between transgenic 
soybeans resistant to glyphosate and conventional varieties; and to determine if plant stress, 
induced by glyphosate, affects plant suitability to green cloverworm. 
Materials and Methods 
Green cloverworm. H. scabra adults were collected in Ames (LA) with blacklight 
traps during April to July 2000. Adults were placed in cages 60 cm tall x 50 x 60 cm, and 
maintained at 25 ± 2°C and 16:8 (L:D). Adults were provided with honey water on a cotton 
surface, and blotter paper (10 x 23 cm) was roughened with a wire brush and used as an 
ovipositional stratum (Pedigo 1971). The blotter paper was replaced daily, and the pieces 
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containing eggs were cut into convenient strips for placement in petri dishes. Eggs were 
incubated at 25°C. 
Treatments. Soybeans were planted at the Iowa State University Johnson Research 
Farm near Ames, LA in May 2000. Four commercial varieties from Stine Seed Company 
were chosen for this study; two conventional varieties (2499-0 susceptible, and 2972-2 
resistant to soybean cyst nematode), and two transgenic varieties resistant to glyphosate 
(2506-4 susceptible, and 2892-4 resistant to soybean cyst nematode) (Table 3.1). The 
treatments consisted of two transgenic varieties exposed to field concentrations of 
glyphosate (3.36 kg ai/ha), the same transgenic varieties without exposure to glyphosate (as 
control for glyphosate stress), and as control for transgenic varieties, two closely related 
conventional varieties (no isolines for the transgenic varieties were available) (Table 3.1). 
Soybeans were planted in plots of 13 x 62 m (806 m2), at a density of 30 seeds per meter of 
row and 0.76 m between rows. All treatments received an application of Dual (metolachlor) 
as a pre-emergence herbicide. 
Treatments exposed to glyphosate received a single application of RoundUp Ultra 
(glyphosate formulation) at 3.36 kg ai/ha when more than 60% of the plants were at stage 
V9. The herbicide was applied on July 10 (2000) with a 6.1-m boom mounted on a Suzuki 
LT-125 four-wheel all-terrain vehicle. The nozzles were approximately 35 cm above the 
soybean canopy. The vehicle speed was maintained at 6.3 km/h to deliver approximately 
224.5 l/ha. The herbicide was sprayed in early morning at environmental conditions of 
21°C, a wind speed below 3 km/h, and a relative humidity of approximately 55%. 
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Feeding experiment. Experiments were conducted at 25 ± 2°C and 16:8 (L:D). 
Fully developed leaves for all treatments were harvested from field plots 15 days after 
glyphosate exposure, placed in plastic bags, and brought to the laboratory. Leaves were 
surface sterilized by submerging them in a hypochlorite solution at 0.1% for 30 seconds to 
reduce risk of introducing entomopathogens. Then, the leaves were placed on a paper towel 
for surface drying. After drying, 30 leaflets were placed individually in standard petri dishes 
containing a 70-mm-diameter dampened filter paper. Newly emerged larvae were placed 
individually in petri dishes. Larvae were checked daily, and when needed, the soybean 
leaflets were replaced and the filter paper dampened. 
Variables measured and statistics. The developmental traits measured were stadia 
for individual instars and stages, and survivorship. Adults were sexed by observing the 
relationship between eye diameter and interocular distance (Pedigo et al. 1973). Sex ratio 
can be an important factor for host plant resistance in reducing populations of future 
generations (Panda and Khush 1995). Morphological measurements were taken as 
indicators of reproductive fitness. The morphometric measurements were body length 
(measured from the eyes to the tip of the abdomen), abdomen length and width (measured 
from the ventral side), thorax length and width (measured from the ventral side), and 
prothoraxic wing length (measured from the tegula to the distal portion of the wing). The 
combination of morphological measurements representing size was used as an indirect 
measurement of reproductive fitness. 
Data from developmental times and individual morphological measurements were 
analyzed as a completely randomized design, and separation of means was done using least 
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significant comparison analysis (Fisher PLSD)(PROC GLM, SAS Institute 1985). Data 
from survivorship and sex were analyzed with logistic regression (PROC LOG, SAS 
Institute 1985) because they are binary response variables. Since body size cannot be 
determined with only one measurement, principal component analysis was used on the 
combination of morphological measurements. The six morphological variables were 
analyzed for each sex by using principal component analysis (PROC GLM, SAS Institute 
1985). Body size was estimated by adding each morphological measurement multiplied by 
its eigen vector from the principal component. Size (the latent variable) was analyzed as a 
completely randomized design, and separation of means was calculated by using least 
significant comparison analysis (Fisher PLSD)(PROC GLM, SAS Institute 1985). 
Results and Discussion 
Larval and pupal developmental time ranged from 15.2 to 15.9, and 9.4 to 9.6 days, 
respectively (Table 3.2). Developmental time, from first instar to adult, ranged from 24.7 to 
25.5 days (Table 3.2). This is in agreement with the reports of developmental times of H. 
scabra reared on soybeans (i.e., larval developmental time of 15.2 days, and total 
developmental time from egg to adult of 27.8 days) (Scott and Pedigo 1977). No statistical 
differences in larval (F = 1.23, df = 5, P = 0.30), pupal (F = 0.13, df = 5, P = 0.98), and total 
developmental time (F = 0.67, df = 5, P = 0.65) were detected with H. scabra reared under 
the different treatments (Table 3.2). Similarly, no statistical differences were detected in 
survivorship of H. scabra, which ranged from 86 to 96% (Chi-Square = 2.09, df = 5, P = 
0.84)(Table 3.2). These results indicate that genetic differences found among conventional 
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varieties and bioengineered soybeans resistant to glyphosate do not affect the suitability of 
the leaves for the physiological development and survivorship of H. scabra. Similarly, lack 
of statistical differences between RoundUp Ready Soybeans, exposed and not exposed to 
glyphosate, indicates that the stress induced by metabolism of glyphosate does not affect 
their suitability for the developmental fitness of H. scabra. 
No statistical differences among treatments were detected in sex ratio (proportion of 
females) ranging from 0.41 to 0.50 (Chi-Square = 0.58, df = 5, P = 0.99 )(TabIe 3.2). These 
results indicate that there was not sex bias in H. scabra reared on leaves of the treatments 
tested. 
Although no statistical differences in all morphometric measurements were detected 
among treatments, differences were detected between sexes (Table 3.3). Males had longer 
bodies than females (13.2 versus 12.4 mm) (F = 37.57, df = 1, P < 0.0001), and the thorax in 
males was longer (5.4 versus 4.7 mm) (F = 62.93, df = 1, P < 0.0001) and wider (3.6 versus 
3.0 mm) than in females (F = 109.71, df = 1, P < 0.0001). Similarly, the male wings were 
longer (15.5 versus 14.0 mm) than females (F = 142.77, df = 1, P < 0.0001). However, the 
abdomen in females was longer than in males (6.3 versus 5.8 mm) (F = 20.53, df = 1, P < 
0.0001), as well as wider (2.2 versus 2.0 mm) (F = 28.43, df = 1, P < 0.0001). 
Morphological differences between males and females H. scabra have already been 
observed (Pedigo et al. 1973); sexual separation can be made by observing the relationship 
between eye diameter and interocular distance. 
Principal component analyses indicated that two principal component scores should 
be used as a summary of the six original measurements (Table 3.4). Coefficients for the six 
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variables used to calculate the principal components were different for both sexes. No 
statistical differences in adult size were detected among treatments for the first (F = 0.50, df 
= 5, P = 0.78) and second principal components (F = 0.94, df = 5, P = 0.46 )(Table 3.5). 
However, statistical differences were detected among sexes for the first (F = 152.87, df = 1, 
P < 0.0001) and second principal components (F = 616.49, df = I, P < 0.0001) (Fig. 3.1). 
The combination of morphological measurements representing size of the individuals is 
highly correlated with fecundity in insects (Black and Krafsur 1987, Kamata and Igarashi 
1995, Tammaru et al. 1996, Delisle and Hardy 1997, Zonneveld 1997, Le franc and 
Bundgaard 2000, Hughes et al. 2000). Results from our principal component analyses 
suggest that female size strongly depends on abdomen size, while size in males depends on 
thorax and wing size (Table 3.4). Thus H. scabra females invest more energy in abdomen 
size, which is correlated to fecundity, while males invest more energy in being stronger fliers 
(thorax and wing), important when searching for mates. This is indirectly supported by data 
from Pedigo et al. (1973), in which H. scabra moths captured in light traps tended to be 
male biased. 
The lack of differences in all traits measured between insects fed RoundUp Ready 
Soybeans not exposed to glyphosate and conventional varieties indicates that these varieties 
had similar nutritional value for green cloverworm. Similarly, lack of statistical differences 
between RoundUp Ready Soybeans exposed and not exposed to glyphosate, suggests that 
the stress caused by exposure to glyphosate does not affect the suitability of these plants for 
the green cloverworm. Thus, conventional varieties and varieties of RoundUp Ready 
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Soybeans with or without glyphosate stress, contribute similarly to the insect's development, 
survival, and reproductive potential. 
Soybean varieties tested for resistance to a single lepidopteran pest such as A. 
gemmatalis have shown the same level of resistance to other lepidopteran pests {P. 
includens, H. virescens, and H. zea) (Lambert and Kilen 1984). Therefore, we would not 
predict significant differences between RoundUp Ready Soybeans and conventional varieties 
of the same genetic background in the level of plant suitability to other lepidopteran pests. 
Although, our results show similar suitability of the varieties tested to green 
cloverworm, other factors not evaluated in our study could affect green cloverworm 
populations in fields planted with these varieties. Genetic changes caused by bioengineering 
and plant stress induced by glyphosate metabolism could affect resistance traits not 
measured in our studies. Such traits include chemicals that act as repellents or deterrents 
against insect pests, these traits have been identified in soybeans (Norris et al. 1988). Other 
traits that could be affected include morphological and anatomical traits, which can 
influence ovipositional preferences. Varieties with narrow leaves have been shown to have 
higher green cloverworm populations than those with broad leaves (Wells et al. 1983). Also, 
surface texture (pubescence) in soybeans has a stimulating effect for oviposition of green 
cloverworm and other lepidopteran pests (Pedigo 1971, Panda and Daugherty 1976, 
Mascarenhas and Pitre 1997). Another trait that could be affected by genetic changes or 
glyphosate metabolism is the tolerance and compensation of soybeans to insect defoliation. 
Soybean compensatory regrowth, which reduces yield loss, varies among varieties (Haile et 
al. 1998a) and is affected by stress factors (Haile et al. 1998b). Our study suggests that 
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levels of antibiosis resistance to green cloverworm would be similar in fields planted with 
glyphosate resistant soybeans and equivalent conventional soybeans. 
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Table 3.1. Soybean varieties and treatments tested for suitability to Hypena scabra \ 
Conventional not Transgenic not Transgenic exposed 
exposed to exposed to to glyphosate 
glyphosate glyphosate 
Susceptible to SCN 2499-0 2506-4 2506-4 
(Conv) (RRB) (RRB-Glyph) 
Resistant to SCN 2972-2 2892-4 2892-4 
(Conv-SCN) (RRB-SCN) (RRB-SCN-Glyph) 
a Acronyms in the table are as follow: 
Conv = Conventional variety susceptible to soybean cyst nematode (SCN) 
Conv-SCN = Conventional variety resistant to SCN 
RRB = RoundUp Ready Soybean susceptible to SCN 
RRB-SCN = RoundUp Ready Soybean resistant to SCN 
RRB-Glyph = RoundUp Ready Soybean susceptible to SCN exposed to glyphosate 
RRB-SCN-Glyph = RoundUp Ready Soybean resistant to SCN exposed to glyphosate 
Table 3.2. Developmental time (mean ± SD) by stadium of Hypena scabra reared on soybean leaves of two conventional 
varieties, and two RoundUp Ready Soybeans with and without exposure to glyphosatea. 
Treatments Larval Dev. Time 
(days) 
Pupal Dev. Time 
(days) 
Total Dev. Time 
(days) 
Survival (%) Sex Ratio 
(proportion of 
females) 
Conv 15.8 ± 1.5a 9.6 ± 1.0a 25.4 ± 1.8a 93a 0.48a 
Conv-SCN 15.9 ± 1.6a 9.4± 1.1a 25.3 ± 2.1a 90a 0.48a 
RRB 15.9 ± 1.2a 9.5 ± 1.2a 25.4 ± 1.8a 86a 0.50a 
RRB-SCN 15.2 ± 1.4a 9.5 ± 1.0a 24.7 ± 1.9a 96a 0.46a 
RRB-Glyph 16.0 ± 1.6a 9.4 ± 0.8a 25.4 ± 2.4a 93a 0.44a 
RRB-SCN-Glyph 16.1 ± 1.5a 9.4 ± 0.9a 25.5 ± 1.9a 90a 0.41a 
Values in columns followed by the same letters are not statistically different (P > 0.050, Fisher PLSD test). 
a Acronyms in the table are as follow: 
Conv = Conventional variety susceptible to soybean cyst nematode (SCN), Variety 2499-0 
Conv-SCN = Conventional variety resistant to SCN, Variety 2972-2 
RRB = RoundUp Ready Soybean susceptible to SCN, Variety 2506-4 
RRB-SCN = RoundUp Ready Soybean resistant to SCN, Variety 2892-4 
RRB-Glyph = RoundUp Ready Soybean susceptible to SCN exposed to glyphosate, Variety 2506-4 
RRB-SCN-Glyph = RoundUp Ready Soybean resistant to SCN exposed to glyphosate, Variety 2892-4 
Table 3.3. Morphological measurements (mm ± SD) of Hypena scabra adults reared on soybean leaves of two conventional 
varieties, and two RoundUp Ready Soybeans with and without exposure to glyphosatea. 
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13.9 ± 1.0 
a Acronyms in the table are as follow: 
Conv = Conventional variety susceptible to soybean cyst nematode (SCN), Variety 2499-0 
Conv-SCN = Conventional variety resistant to SCN, Variety 2972-2 
RRB = RoundUp Ready Soybean susceptible to SCN, Variety 2506-4 
RRB-SCN = RoundUp Ready Soybean resistant to SCN, Variety 2892-4 
RRB-Glyph = RoundUp Ready Soybean susceptible to SCN exposed to glyphosate, Variety 2506-4 
RRB-SCN-Glyph = RoundUp Ready Soybean resistant to SCN exposed to glyphosate, Variety 2892-4 
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Table 3.4. Principal components coefficients of Hypena scabra for morphological 
measurements. 
Principal Component la Principal Component 2b 
Variable S $ d1 $ 
Length 0.52 0.56 0.35 0.11 
Abdomen length 0.29 0.34 -0.08 -0.28 
Abdomen width 0.18 0.48 0.81 -0.40 
Thorax length 0.42 0.40 -0.20 -0.07 
Thorax width 0.44 0.10 -0.40 0.75 
Wing 0.50 0.42 -0.08 0.43 
a First principal component eigenvalues: S = 2.44, $ = 2.39 
b Second principal component eigenvalues: S = 1 26, $ = 1.24 
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Table 3.5. Average size (morphological measurement score) of Hypena scabra adults 
reared on soybean leaves of two conventional varieties, and two RoundUp Ready Soybeans 
with and without exposure to glyphosate a. 
Principal component 1 Principal component 2 
Treatments â $ â $ 
Conv 20.28 ± 0.95a 18.37 ±0.81a 4.88 ± 0.50a 7.61 ± 0.90a 
Conv-SCN 20.25 ± 1.08a 18.15 ± 0.57a 4.95 ± 0.61a 7.63 ± 0.54a 
RRB 20.23 ± 0.97a 18.13 ± 1.02a 5.04 ± 0.68a 7.53 ± 0.56a 
RRB-SCN 20.12 ± 1.03a 18.48 ± 1.10a 5.37 ± 0.68a 7.48 ± 0.48a 
RRB-Glyph 19.95 ± 0.69a 18.20 ± 0.72a 5.08 ± 0.56a 7.87 ± 0.54a 
RRB-SCN-Glyph 19.87 ± 1.12a 18.13 ± 1.03a 4.73 ± 0.79a 7.59 ± 0.68a 
Values in columns followed by the same letters are not statistically different (P > 0.050, 
Fisher PLSD test). 
a Acronyms in the table are as follow: 
Conv = Conventional variety susceptible to soybean cyst nematode (SCN), Variety 2499-0 
Conv-SCN = Conventional variety resistant to SCN, Variety 2972-2 
RRB = RoundUp Ready Soybean susceptible to SCN, Variety 2506-4 
RRB-SCN = RoundUp Ready Soybean resistant to SCN, Variety 2892-4 
RRB-Glyph = RoundUp Ready Soybean susceptible to SCN exposed to glyphosate, Variety 
2506-4 
RRB-SCN-Glyph = RoundUp Ready Soybean resistant to SCN exposed to glyphosate, 
Variety 2892-4 
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Figure 3.1. Comparison of Hypena scabra size using principal component analyses (PC 1, 
first principal component; PC 2, second principal component). Data show average size 
(average morphometric units ± standard deviations). Bars with different letters are 
statistically different within each principal component (P < 0.050, Fisher PLSD test). 
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CHAPTER 4. 
Incidence of Twospotted Spider Mite and Green Cloverworm and Their 
Entomopathogenic Fungi on Transgenic and Non-Transgenic Soybeans 
A paper to be submitted to the Journal of Economic Entomology 
Wilmar E. Moijan1, Larry P. Pedigo1, and Ronald B. Hammond2 
1 Department of Entomology, Iowa State University 
Ames, LA 50011 
2 OARDC, Ohio State University 
Wooster, OH 44691 
ABSTRACT 
Commercial fields planted with transgenic glyphosate-resistant and non-transgenic 
soybeans were evaluated for twospotted spider mite (Tetranychus urticae Koch) and green 
cloverworm (Hypena scabra (F.)) populations and incidence of their entomopathogenic 
fungi Neozygites floridana Weiser and Muma, and Nomuraea rileyi (Farlow) Samson. 
Economic spider mite populations required insecticide applications in six transgenic and 
three non-transgenic fields. Spider mite intensity was greater in transgenic soybeans (216 
mites per 1000 cm2) than non-transgenic soybeans (129 mites per 1000 cm2), while 
percentage of infection by N. floridana was less in transgenic (54%) than non-transgenic 
fields (58%). Populations of green cloverworm were similar in transgenic (2.9 larvae per 25 
sweep) and non-transgenic fields (2.8 larvae per 25 sweep). No statistical differences were 
detected between the treatments on the incidence of N. rileyi, which was less than 5%. 
88 
These results suggest that under favorable conditions for spider mites, fields planted with 
transgenic glyphosate-resistant soybeans may have greater predisposition to outbreaks than 
fields planted with non-transgenic varieties. 
KEYWORDS: Tetranychidae, Lepidpotera, Noctuidae, Plathypena scabra, Glycine max, 
Entomophthorales, Moniliales, non-target effects 
RESUMEN 
Campos comerciales sembrados con variedades de soya transgénicas resistentes a 
glyphosato y variedades no transgénicas fueron evaluadas por poblaciones de âcaros 
('Tetranychus urticae Koch) y de gusano verde del trébol (Hypena scabra (F.)), asi como 
también la incidencia de sus hongos entomopatôgenos Neozygites floridana Weiser y Muma 
y Nomuraea rileyi (Farlow) Samson. Poblaciones de âcaros sobre el limite econômico 
requirieron aplicaciones de insecticidas en seis campos con variedades transgénicas y très 
con variedades no trasgénicas. La intencidad de infecciôn de âcaros fue mayor en campos de 
soya transgénica (216 âcaros per 1000 cm2) que en campos de soya no transgénica (129 
âcaros per 1000 cm2), mientras que el porcentaje de âcaros infectados por N. floridana fue 
menor en campos transgénicos (54%) que en no transgénicos (58%). Poblaciones de gusano 
verde del trébol fueron si mi lares entre campos transgénicos (2.9 gusanos per 25 pasadas con 
red aérea) y no transgénicos (2.8 gusanos per 25 pasadas con red aérea). No diferencias 
estadisticas fueron detectadas entre los tratamientos en la incidencia de gusanos infectados 
por N. rileyi, el cual fue menor de 5%. Estos resultados indican que bajo condiciones 
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favorables para el desarrollo de âcaros, campos sembrados con variedades de soya 
transgénicas resistentes a glyphosato pueden tener una predisposition mayor para brotes de 
âcaros que los campos sembrados con variedades no transgénicas. 
Introduction 
The twospotted spider mite, Tetranychus urticae Koch, and the green cloverworm, 
Hypena scabra (F.) are two of the most common arthropod pests found in soybeans in the 
U.S. (Myers and Pedigo 1977, Klubertanz et al. 1991, Pedigo 2002). The twospotted spider 
mite, with a worldwide distribution and an extremely wide host range, is considered one of 
the most important agricultural pests in the world (Klubertanz 1994, Pedigo 2002). Yield 
losses of 40-60% from twospotted spider mite in soybeans have been documented in the 
Midwest (Klubertanz 1994, Pedigo and Tollefson 1997). Grain quality and harvestability 
also can be affected in fields infested with spider mites, caused by increased susceptibility to 
shattering and wrinkled beans (Klubertanz 1994). The green cloverworm, a Nearctic species 
found throughout the southern and central regions of the U.S., is an important defoliator of 
soybeans, alfalfa, and other legumes (Pedigo et al. 1973, Muller and Kunnalaca 1979, Wolf 
et al. 1987, Pedigo 2002). Soybean plants have a great capacity to compensate for 
defoliation; however, yield losses occur depending on the degree of defoliation, plant 
developmental stage, and plant vigor (Pedigo 1994, Martin 2001). 
Although the twospotted spider mite and the green cloverworm are commonly found 
in soybean fields, outbreak populations are observed only sporadically in Iowa and other 
Midwestern States (Myers and Pedigo 1977, Klubertanz 1989). The most important 
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mortality factor responsible in keeping these and other soybean pest populations below 
economic thresholds are entomopathogenic fungi (Myers and Pedigo 1977, Klubertanz 1989, 
Klubertanz et al. 1991, Klubertanz 1994). The twospotted spider mite in soybeans and com 
is maintained at subeconomic levels by Neozygites floridana Weiser and Muma in fields 
with high relative humidity (Klubertanz 1989, Klubertanz et al. 1991). Similarly, Nomuraea 
rileyi (Farlow) Samson has been identified as the key mortality factor regulating populations 
of green cloverworm (Thorvilson and Pedigo 1984, Pedigo 1994). 
In crops where environmental conditions or chemicals negatively affect N. floridana, 
spider mites usually become a serious pest very rapidly (Campbell 1978, Brandenburg and 
Kennedy 1983, Bower et al. 1995). This is caused by an extremely short generation time (14 
days to complete a generation) and female fecundity (approximately 300 eggs per female) in 
the mites (Huffaker et al. 1969). In Iowa in 1988, spider mite outbreaks resulted in 2.4 
million acres of soybeans being treated with insecticide (Higley and Boethel 1994). Fields 
that were not treated on time had yield losses of up to 60% (Higley and Wintersteen 1989). 
Application of pesticides with fungicidal properties detrimental to entomopathogenic 
fungi can have a direct impact on the natural epizootics necessary for adequate pest 
regulation in treated fields. For example, outbreaks of spider mites in peanuts can be 
produced by applying certain pesticides that suppress the entomopathogenic fungi (Campbell 
1978, Brandenburg and Kennedy 1983, Mellors et al. 1984). Thus, field responses of 
entomopathogenic fungi to pesticides and other agents with fungicidal activity should be 
evaluated in agroecosystems where entomopathogens are important as regulators of 
arthropod populations. 
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One of the important agrochemicals that has shown some fungicidal properties and 
ranks among the top ten herbicides used in the U. S. in agricultural and non-agricultural 
situations is glyphosate (Cox 1995). The fungicidal properties of formulated glyphosate 
vary among pathogenic and saprophytic fungal species (Grossbard and Atkinson 1985, 
Chakravarty and Chatarpaul 1990, Wardle and Parkinson 1992). For example, fungicidal 
effects from formulated glyphosate have been reported in species such as Rhizoctonia solani 
Kuhn (Black et al. 1996), Fusarium solani (Martius) Saccardo (Abdulsalam et al. 1990, 
Kawate et al. 1992), Glomus etunicatum Becker and Gerdemann (Paula and Zambolim 
1994), Nectria galligena Bresadola (Burgiel and Grabowski 1996), Septoria nodorum 
Berkeley (Harris and Grossbard 1979), and Phytophthora spp. (Utkhede 1982, Kassaby 
1985, Kassaby and Hepworth 1987). But, no detrimental effects from these formulations 
have been reported against species such as Drechslera teres (Saccardo) Shoemaker (Toubia-
Rahme et al. 1992) and Pythium ultimum Trow (Kawate et al. 1992). 
Glyphosate (N-[phosphonomethyl]glycine) is a broad-spectrum herbicide that 
inhibits the biosynthesis of aromatic amino acids in shoots and root tips in plants and some 
microorganisms. This is accomplished by inhibiting the enzyme EPSP (5-
enolpyruvylshikimate-phosphate) of the shikimic acid pathway (Jaworski 1972, Steinrucken 
and Amrhein 1980). The absence of the shikimic acid pathway in animals means that 
glyphosate has very low toxicity for animals (Levesque and Rahe 1992). 
The non-selectivity of glyphosate limited its use in agriculture crops to preplan ting 
sprays, spot sprays, or screen sprays. However, with genetically engineered crops resistant 
to glyphosate, such as RoundUp Ready Soybean, RoundUp Ready Corn, and RoundUp 
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Ready Cotton, glyphosate is now sprayed on nearly 100% of the planted area after 
emergence. 
Laboratory bioassays have shown that several glyphosate formulations have 
fungicidal activity against N. floridana, N. rileyi, Beauveria bassiana (Balsamo) Vuillemin, 
and Metarhizium anisopliae (Metchnikoff) Sorokin (Moijan 2001). Therefore, commercial 
fields were evaluated to determine if outbreaks of spider mite or green cloverworm 
populations could be expected with the use of transgenic glyphosate-resistant soybeans and 
their herbicide, and to establish whether occurrence of the entomopathogenic fungi would be 
also affected. 
Materials and Methods 
Because this study was based on observational data obtained from commercial fields 
planted and managed by soybean producers, several factors could not be controlled. 
However, the biases of these factors were accounted for in the statistical analyses. 
Soybean fields. Commercial fields were sampled from July 8 to August 27 in 1999, 
and from July 18 to August 22 in 2000. Fields with large spider mite populations were 
selected in pairs (one with RoundUp Ready Soybean, and one with a conventional variety). 
After finding large spider mite populations, and establishing if a field was transgenic 
glyphosate-resistant (RoundUp Ready Soybeans) or non-transgenic (conventional variety), 
the closest field with a similar management history (usually belonging to the same grower 
but planted with a counterpart variety) was selected. A total of 18 fields were sampled in 
1999; only six fields were sampled in 2000 because of small spider mite populations. All 
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fields were sampled three times in 1999, six fields in Wooster, OH (sampled bi-weekly), 
four fields in Ottumwa, LA (sampled weekly), four fields in West Point, LA (sampled 
weekly), and four fields in Cottonwood, MN (sampled weekly). In 2000, all fields were 
sampled weekly, two fields in Storm Lake (LA) were sampled three times, and four fields in 
Correctionville (LA) were sampled six times because of early infestations of spider mites. 
All transgenic fields in the study were planted with RoundUp Ready Soybeans and 
received at least one application of RoundUp Ultra (glyphosate formulation) before 
sampling. Fields with non-transgenic soybeans used Dual (metolachlor) as a pre-emergent 
or Basagran (sodium bentazon) as a post-emergent herbicide. Because fields used in this 
study were commercial fields managed by individual growers, insecticides were sprayed in 
fields with economic spider mites densities (fields were sprayed before or after first 
sampling date). In 1999, five fields received insecticide applications: two transgenic fields 
in Wooster (OH), two transgenic fields in West Point (LA) and one non-transgenic field in 
Cottonwood (MN). In 2000, the four fields treated with insecticide were two transgenic 
fields from Correctionville (LA), one non-transgenic field from Correctionville (LA) and one 
non-transgenic field from Storm Lake (LA). Lorsban (Clorpirifos) or Warrior (lambda 
cyhalothrin) insecticides were applied by the growers, who followed the label 
recommendations. 
Spider mites and occurrence of M floridana. Soybean fields were divided into two 
strata (border and non-border) because spider mite infestations tend to appear first along the 
margins of the fields (Klubertanz 1994, Martin 2001). The border consisted of the first 6 m 
along the margins of the field; the non-border stratum was the remainder of the field. Ten 
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samples per stratum were collected following a systematic zigzag pattern. A sample 
consisted of ten sampling units; each sampling unit consisted of ten fully developed leaves 
(trifoliolates) collected from the canopy and placed in a plastic bag. Samples were placed in 
coolers and transported to the laboratory where they were frozen. Leaves were thawed and 
brushed using a "Mite Brushing Machine" (Leedom Enterprises, Palo Alto, CA). All non-
egg stages of mites were counted under a microscope until reaching 1,000. If more than an 
estimated half of the mites had been counted, the sample was called 1,000, and if less than 
an estimated half of the mites had been counted, the sample was called 2,000. Leaf area for 
each sample was measured with a leaf area meter LI-3100 (LI-COR, Lincoln, NE). 
Incidence of N. floridana on spider mites was established by blindly selecting up to 
20 mites per sampling unit. Selected spider mites were stained with lactophenol cotton blue, 
mounted, and evaluated for entomopathogenic infection under the microscope (Camer 1976, 
Klubertanz et al. 1991). Mites were scored as infected if. (1) fungal spores were attached to 
the mites and had the germ tube penetrating the cuticle, (2) mites had developing hyphal 
bodies, or (3) mites were producing spores (i.e. zygospores, conidia, secondary conidia, and 
adhesive spore). Mites with adhesive spores, but without a hyphal body penetrating the 
integument, were not considered infected, even though the presence of adhesive spores could 
indicate potential for infection. 
Green cloverworm and occurrence of N. rileyi. Relative estimates of green 
cloverworm populations were obtained with the sweep-net technique (Pedigo et al. 1972). 
Six sampling units per field were collected following a systematic pattern. Each sampling 
unit consisted of 25 sweeps (38-cm-diameter sweep net) with contents placed in a plastic bag 
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and transported to the laboratory in a cooler. Samples were processed in the laboratory, and 
the number of green cloverworm larvae per sampling unit were recorded. 
Green cloverworm larvae of each sample were reared individually to estimate the 
incidence of N. rileyi. Rearing was conducted in an environmental chamber at 25 ± 2°C and 
16:8 (L:D). Larvae were placed individually in petri dishes containing a 70-mm-diameter 
dampened filter paper. To reduce the risk of introducing entomopathogens, larvae were fed 
field-grown soybean leaves that were previously surface-sterilized by submerging them in a 
hypochlorite solution at 0.1% for 30 seconds (Daigle et al. 1988). Larvae were reared to the 
adult stage. They were checked daily, and when needed, the soybean leaflets were replaced 
and the filter paper dampened. Mortality in larvae was recorded, and cadavers were kept 
until fungal sporulation. Incidence of N. rileyi was determined by identifying fungal 
structures present on larval cadavers. Larval mortality rate and mortality factors were 
calculated by dividing the number of larvae dying from a specific cause by the number of 
larvae in each sample. 
Statistics. The mite variables analyzed included leaf area (leaf area of ten leaves 
from spider mite samples), spider mite density (number of spider mites per ten leaves), 
spider mite intensity (number of spider mites per 1000 cm2), number of infected mites, and 
mite infection rate (number of mites infected per mites dissected). The green cloverworm 
variables included relative density of green cloverworms (number of larvae per 25 sweeps), 
larvae mortality (number of larvae and pupa that died per number of larvae per sample), 
larvae infected with N. rileyi, number of larvae parasitized (tachinid flies and brachonid 
wasps), and larval death of unknown origin. 
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Data were analyzed as a factorial design of unbalanced data, and separation of means 
was done using least significant comparison analysis (Fisher PLSD)(PROC GLM, SAS 
Institute 1985). Class levels for spider mite and N. floridana analyses included date of 
sampling, location, blocks (pair of transgenic and non-transgenic fields), treatment 
(transgenic and non-transgenic), insecticide application (identifying samples collected after 
insecticide was applied in the field; samples from the same field can have samples with and 
without insecticide), and stratum (border and non-border). Class levels for green 
cloverworm included the same ones as for spider mites except the stratum variable (no 
stratum separation was included in the sampling). 
Results and Discussion 
As described in the materials and methods section, economic spider mite densities 
required the use of insecticides in four transgenic and one non-transgenic field in 1999 and 
two transgenic and two non-transgenic fields in 2000. 
Spider mite and N. floridana. Populations of twospotted spider mites were larger 
in transgenic than non-transgenic soybeans (Fig. 4.1). Number of mites per 10 soybean 
leaves was near 50% greater in transgenic fields (166 mites per 10 leaves) than in non-
transgenic fields (111 mites per 10 leaves). No statistical differences were observed between 
non-transgenic and transgenic varieties in amount of leaf area (Table 4.1). This suggests that 
the differences observed in spider mite populations between the treatments were based on 
density rather than intensity (Southwood 1978). Greater leaf area theoretically could support 
greater number of spider mites. Instead, differences between the treatments increased when 
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measuring mite intensity (number of spider mites in a leaf area of 1000 cm2), averaging 129 
in non-transgenic soybeans compared to 216 in transgenic (Fig. 4.1). 
Although dense populations of spider mites are associated with a great incidence of 
N. floridana (Camer and Canerday 1968, Brandenburg and Kennedy 1983), transgenic 
soybeans with the largest number of spider mites in this study showed a smaller percentage 
of mites infected by N. floridana than did non-transgenic soybeans (Fig. 4.1). The overall 
average percentage of infection for mites in transgenic soybeans was 54% compared to 58% 
for mites in non-transgenic soybeans (Fig. 4.1). 
High variability was detected among locations for spider mite density (F = 34.71; df 
= 5, 55; P < 0.0001), intensity of mites (F = 31.15; df = 5, 55; P < 0.0001), and incidence of 
N. floridana (F = 239.95; df = 5, 55; P < 0.0001). This variability is likely a result of 
differences in the environment and physical characteristics specific to those agroecosystems 
and their regions. For example, fields from Wooster (OH) were planted in a no-till system, 
and fields from West Point (LA) were in sandy soils. 
Significant interactions were observed between locations and treatments (transgenic 
and non-transgenic soybeans) in spider mite density (F = 14.71 ; df = 4, 55; P < 0.0001) and 
mite intensity (F = 16.00; df = 4, 55; P < 0.0001). Although spider mites overall were more 
abundant in transgenic than in non-transgenic soybeans, the transgenic field sampled in 
Storm Lake (LA) had statistically smaller density and intensity of mites than did the non-
transgenic field (Table 4.1). The great abundance of spider mites observed in the non-
transgenic field in Storm Lake (LA) may be the result of plant stress in combination with 
other environmental factors that the transgenic field did not have. The non-transgenic field 
98 
in Storm Lake (IA) was planted in a location with an application of swine manure, in 
contrast to the transgenic field without a manure application. 
Interactions between locations and treatments were also observed in the incidence of 
M floridana (F = 9.02; df = 4, 55; P < 0.0001). Percentage of mites infected with N. 
floridana was greater in transgenic fields sampled in Ottumwa (IA) than in non-transgenic 
(Table 4.1). These fields also had the smallest density of spider mites from all the fields 
sampled, averaging 12 and 13 mites per sample in non-transgenic and transgenic fields, 
respectively. Although the non-transgenic field in Storm Lake (IA) had a greater density and 
intensity of spider mites than the transgenic field, percentage of infection by N. floridana 
was greater in the non-transgenic field, which follows the overall trend of non-transgenic 
fields having a greater incidence of this entomopathogen (Table 4.1). 
Green cloverworm and N. rileyi. Similar green cloverworm populations were 
observed in transgenic and non-transgenic soybean fields (Table 4.2). Larval populations 
were low in all fields, averaging less than five larvae per 25 sweeps, except in Cottonwood 
(MN) where they averaged between seven and eleven (Table 4.2). These low populations 
can be characterized as endemic, since typical outbreak populations have around 90 larvae 
per 24 sweeps (Thorvilson and Pedigo 1984). 
Overall, no statistical differences were observed between treatments in total 
mortality, mortality caused by N. rileyi, and mortality by parasitoids (Fig. 4.2). Total 
mortality of green cloverworms averaged 38% in non-transgenic fields and 39% in 
transgenic fields. Incidence of N. rileyi was less than 5% in both treatments, which was 
probably due to the small densities of green cloverworm. Low incidence of N. rileyi has 
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been associated with small green cloverworm populations in Iowa and South Carolina 
(Thorvilson and Pedigo 1984, Gilreath et al. 1986). 
Significant differences among locations were observed in larval density (F = 53.70; 
df = 5, 39; P < 0.0001) and total mortality (F = 31.49; df = 5, 39; P < 0.0001). These 
differences may be the result of differences in the numbers of migrating adults that colonized 
the sampled regions. Migrating adults are transported to northern states by air masses from 
southern states each spring (Myers and Pedigo 1977, Wolf et al. 1987, Pedigo 1994). Thus, 
populations in the northern regions are strongly correlated with the number of days with 
sustained southerly wind flow suitable for transport of migrating adults (Wolf et al. 1987). 
Significant interactions between locations and treatments were observed for larval 
densities, total mortality, and mortality caused by parasitoids (Table 4.2). Non-transgenic 
fields in Wooster (OH) had a larger number of larvae (3.7 larvae per 25 sweep) than did 
transgenic fields (2.7 larvae per 25 sweep), as well as greater total mortality (51.8% in non-
transgenic versus 46% in transgenic fields). In contrast, larger populations of green 
cloverworm in Cottonwood (MN) were found in transgenic fields (11.3 larvae per 25 sweep) 
compared to non-transgenic fields (7.5 larvae per 25 sweep), with mortality following the 
same trend (71.3% in transgenic versus 47.8% in non-transgenic). The lack of statistical 
differences in the mortality caused by N. rileyi and parasitoids, which did not follow the 
trend of having greater percentage of mortality in fields with larger larval densities, suggests 
that these organisms were not a regulating factor of the populations observed. 
General remarks. Results from this observational study indicate that during 
endemics, green cloverworm populations and incidence of its entomopathogenic fungi N. 
100 
rileyi would be similar in fields planted with RoundUp Ready Soybeans and conventional 
varieties. However, similar studies under outbreak populations should be conducted to 
determine if incidence of N. rileyi would be affected by applications of formulated 
glyphosate. Fungicidal effects of glyphosate formulations, including RoundUp Ultra, have 
been observed against N. rileyi in the laboratory (Moijan 2001). RoundUp Ultra was the 
formulation used in all the transgenic fields sampled in this study. 
Our results also suggest that under environmental conditions favorable for spider 
mites, larger populations could be expected in transgenic fields than in non-transgenic fields. 
However, these differences may be the result of differences in specific characteristics of the 
fields used for transgenic and non-transgenic soybeans. We observed that agronomical ly 
better fields, with fewer weed problems or better soil, tended to be used for conventional 
varieties rather than for transgenic varieties. In fact, two of the growers that allowed us to 
sample their fields suggested that they would not have planted any crops in some of their 
fields if transgenic varieties had not been accessible. The non-transgenic field in Storm Lake 
(IA) showed stress symptoms (small plants and less foliage than nearby fields) and also had 
larger mite populations than did the transgenic field (Table 4.1). 
Studies of large fields with similar stress factors (similar weed pressures and edaphic 
conditions) need to be conducted to establish if these factors affecting the soybean plants are 
responsible for greater mite populations observed in transgenic fields. Metabolism in plants 
is usually modified under stress conditions, which can affect the suitability of the plant for 
insect pests (Norris and Kogan 2000). For example, several studies have shown that 
variations in soil fertility can affect the level of insect damage (tolerance), as well as modify 
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the expression of antixenosis and antibiosis in resistant plants (Kindler and Staples 1970, 
Singh and Agarwal 1983, Scriber 1984, Barbour et al. 1991). 
Although plant stress affecting suitability to spider mite could partially explain the 
differences in mite populations between transgenic and non-transgenic soybeans, it does not 
explain the differences in N. floridana incidence. Greater incidence of N. floridana in the 
non-transgenic than transgenic fields, including the field in Storm Lake (IA), suggests that N. 
floridana may be negatively affected in transgenic fields (Table 4.1). Laboratory studies 
have shown that RoundUp Ultra, used in all transgenic fields sampled in this study, as well 
as other glyphosate formulations, inhibit N. floridana growth by more than half (Moijan 
2001). On the other hand, no spider mite outbreaks were reported in most of the 43.9 
million acres planted with transgenic fields in 2000 (representing 59% of the area planted 
with soybeans in U.S.) (NASS 2000). Therefore, experimental field studies need to be 
conducted to measure the impact of glyphosate formulations on the entomopathogenic fungi 
and their effect on pest populations. 
In summary, our results suggest that under favorable environmental conditions for 
mite development, fields planted with RoundUp Ready Soybeans may have greater 
predisposition to outbreaks of the twospotted spider mite than fields planted with 
conventional varieties. 
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Table 4.1. Twospotted spider mite and incidence of its entomopathogenic fungus (Neozygites floridana) in commercial soybean 
fields planted with transgenic glyphosate-resistant and conventional varieties (Non-Trans.)8. 
Location Treatment (n) Leaf area b Mites per 
samplec 
Mites per 
1000 cm2 d 
Mites with N. 
floridanae 
Infection rate 
N. floridana ' 
Wooster, OH Non-Trans (3) 790 ± 174 a 136 ± 274 b 158 ± 307 b 5.1 ±5.0 a 45.1 ±34.8 a 
(1999) Transgenic (3) 740 ± 224 a 406 ±623 a 587 ±930 a 5.2 ±5.4 a 35.6 ± 32.8 b 
West Point, IA Non-Trans (2) 740 ±261 a 103 ± 191 a 164 ±288 a 12.5 ±7.5 a 91.4 ± 13.5 a 
(1999) Transgenic (2) 554 ± 176 a 79 ± 178 a 125 ±262 a 11.9 ±6.9 b 90.9 ± 13.8 b 
Ottumwa, IA Non-Trans (2) 692 ± 244 a 12 ±27 a 18 ±46 a 2.3 ± 3.2 b 63.5 ± 40.2 b 
(1999) Transgenic (2) 705 ±181 a 13 ±32 a 19 ±43 a 3.5 ± 5.0 a 73.4 ± 34.6 a 
Cottonwood, Non-Trans (2) 873 ± 262 a 96 ± 206 a 110 ±244 a 10.6 ±7.4 a 88.2 ± 15.1 a 
MN (1999) Transgenic (2) 941 ±245 a 80 ± 213 a 85 ± 220 a 6.8 ± 7.2 b 87.0 ± 19.1 b 
Correctionville Non-Trans (2) 1237 ± 266 a 125 ±261 b 113 ± 239 b 7.3 ± 5.4 a 45.8 ±26.5 a 
IA (2000) Transgenic (2) 957 ±179 a 183 ±361 a 193 ±381 a 6.4 ± 5.6 b 39.0 ± 27.6 b 
Storm Lake, IA Non-Trans (1) 837 ± 126 a 234 ±424 a 295 ±601 a 4.6 ±4.1 a 24.8 ± 20.3 a 
(2000) Transgenic (1) 818 ±137 a 27 ± 53 b 36 ± 79 b 2.8 ± 4.2 b 22.7 ± 24.5 b 
a Values of treatments followed by the same letters are not statistically different within a location (P < 0.050, Fisher PLSD test). 
b Data are leaf average (cm2) ± standard deviations. 
c Data are average mites per 10 leaves ± standard deviations. 
d Data are average mites per 1000 cm2 ± standard deviations. 
c Data are average mites infected with N. floridana ± standard deviations. 
f Data are average infection rate (infected mites per total mites dissected) ± standard deviations. 
Table 4.2. Relative densities of green cloverworms and incidence of its entomopathogenic fungus (Nomuraea rileyi) in 
commercial soybean fields planted with transgenic glyphosate-resistant and conventional varieties (Non-Trans.)". 
Location Treatment (n) No. of green 
cloverworms b 






Wooster, OH Non-Trans (3) 3.7 ± 5.9 a 51.8 ±44.6 a 5.4 ± 18.8 a 11.3 ±27.1 a 35.1 ±42.3 a 
(1999) Transgenic (3) 2.7 ± 4.7 b 46.1 ± 46.9 b 5.7 ±21.5 a 5.9 ± 18.6 a 34.4 ±43.8 a 
West Point, IA Non-Trans (2) 1.0 ± 1.8a 29.4 ± 43.6 a 3.6 ± 11.9 a 22.0 ±39.1 a 3.8 ± 13.0 a 
(1999) Transgenic (2) 0.7 ± 1.4 a 23.6 ±42.2 a 0 ± 0 a 8.8 ± 26.3 a 14.8 ±33.0 a 
Ottumwa, IA Non-Trans (2) 2.9 ±4.7 a 43.1 ±42.3 a 6.7 ± 19 a 13.3 ± 26.0 b 23.1 ±36.5 a 
(1999) Transgenic (2) 2.5 ±4.0 a 47.1 ±43.0 a 6.4 ± 15.5 a 20.6 ± 32.7 a 20.0 ±35.4 a 
Cottonwood, Non-Trans (2) 7.5 ± 3.9 b 47.8 ± 21.9 b 4.9 ± 9.2 a 8.7 ± 11.3 a 34.2 ± 24.5 a 
MN (1999) Transgenic (2) 11.3 ±5.3 a 71.3 ±28.3 a 3.2 ±9.1 a 5.6 ± 7.6 b 62.5 ± 30.9 a 
Correctionville Non-Trans (2) 0.6 ± 1.3 a 21.9 ±39.7 a 2.1 ±8.4 a 5.7 ± 19.9 a 14.2 ±29.4 a 
IA (2000) Transgenic (2) 0.5 ±0.9 a 17.4 ±36.1 a 3.1 ±14.9 a 4.9 ± 16.7 a 9.4 ±26.6 a 
Storm Lake, IA Non-Trans (1) 0.1 ±0.3 a 8.33 ± 28.9 a 0 ± 0 a  0 ± 0 a  8.3 ±28.9 a 
(2000) Transgenic (1) 0.1 ±0.3 a 8.33 ± 28.9 a 0 ± 0 a  0 ±0 a 8.3 ± 28.9 a 
a Values of treatments followed by the same letters are not statistically different within a location (P < 0.050, Fisher PLSD test), 
b Data are average green cloverworm per 25 sweeps ± standard deviations. 
c Data are average percentage of mortality ± standard deviations. 
d Data are average percentage of mortality by N. rileyi ± standard deviations. 
e Data are average percentage of mortality by parasitoids (tachinids and brachonids) ± standard deviations. 
f Data are average percentage of mortality by other factors ± standard deviations. 
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Mites /10 leaves % Mites infected Mites / 1000cm' 
Figure 4.1. Twospotted spider mite abundance and infection rate for Neozygites floridana 
found in non-transgenic varieties (NT) and transgenic glyphosate resistant varieties (T). 
Data show average number of mites in 10 leaves (trifoliolates), intensity of mites in leaf area 
(average number of mites in 1000 cm2 of soybean leaves), and percentage of mites infected 
with N. floridana. Bars with different letters are statistically different within each variable 
(P < 0.050, Fisher PLSD test). 
Ill 
Parasitoids Total mortality 
Figure 4.2. Mortality of green cloverworm collected on non-transgenic (NT) and transgenic 
glyphosate resistant varieties (T). Data show average total percentage mortality, percentage 
mortality caused by Nomuraea rileyi, and percentage of mortality cause by parasitoids 
(tachinids and brachonids). Bars with similar letters are not statistically different within 




The main objective of this research was to determine if outbreaks of twospotted 
spider mite and green cloverworm populations could be promoted with the use of transgenic 
glyphosate-resistant soybeans and glyphosate use in commercial fields. The specific 
objectives were established to (1) determine the effect of glyphosate formulations on four 
entomopathogenic fungi important in Iowa crops, (2) determine the suitability to green 
cloverworms of glyphosate-treated and un treated transgenic soybeans compared to 
traditional varieties, (3) quantify twospotted spider mite and green cloverworm densities in 
commercial fields planted with transgenic RoundUp Ready Soybeans and non-transgenic 
varieties, and (4) determine the occurrence of Neozygites floridana on spider mites and 
Nomuraea rileyi on green cloverworm in commercial fields planted with transgenic 
RoundUp Ready Soybeans and non-transgenic varieties. 
The first study evaluated the fungicidal effects, under laboratory conditions, of 
glyphosate and seven glyphosate formulations on the entomopathogenic fungi Beauveria 
bassiana, Metarhizium anisopliae, Nomuraea rileyi, and Neozygites floridana. Results 
showed that glyphosate did not have fungicidal activity against any of the fungi tested. 
However, glyphosate formulations had fungicidal properties against the fungal species. For 
example, N. floridana and M. anisopliae were susceptible to all glyphosate formulations. 
The strongest fungicidal properties were observed with the RoundUp Ready-To-Use 
formulation. 
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Synergistic effects in fungicidal activity were also observed from some formulations 
with glyphosate. RoundUp Original was the only formulation that did not show any 
interaction on fungicidal activity between glyphosate and the formulation. The results of 
this in vitro study indicate that the four fungi tested are susceptible to various glyphosate 
formulations when exposed to field concentrations. Thus, application of these formulations 
in soybean fields could have an impact on the natural fungal epizootics necessary for 
adequate pest regulation. 
Pest incidence in crops also may be affected by changes in plant suitability as a result 
of stress factors, such as herbicide metabolization in the plant. Therefore the second study 
evaluated if host suitability to green cloverworm differs between transgenic glyphosate-
resistant soybeans compared to conventional varieties, as well as if plant stress, induced by 
glyphosate, affects plant suitability to green cloverworm. Two conventional soybean 
varieties (Stine 2499-0 and 2972-2), and two RoundUp Ready Soybeans (Stine 2506-4 and 
2892-4) with and without exposure to glyphosate were evaluated for plant suitability. No 
statistical differences among treatments were detected on developmental time and 
survivorship. Developmental time from first instar to adult ranged from 24.7 to 25.5 days, 
and survivorship ranged from 86 to 96%. No sex bias was observed among treatments, sex 
ratio ranging from 0.41 to 0.50 (proportion of females). Morphological differences were 
observed between sexes; males had a longer and wider thorax, longer wings, and longer 
body. Females had longer and wider abdomens. Although, treatments did not affect size 
(calculated with principal component analyses), significant differences were observed 
between males and females. These results suggest that soybean genetic differences (between 
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conventional varieties and analogous transgenic varieties) or plant stress (induced by 
glyphosate metabolism) do not affect the plant suitability for green cloverworm. Thus, 
conventional varieties and varieties of RoundUp Ready Soybeans with or without glyphosate 
stress, contribute similarly to the insect's development, survival, and reproductive potential. 
Field pest populations are strongly influenced by epizootics caused by 
entomopathogenic fungi. Thus, evaluations of field responses of these entomopathogens to 
pesticides with fungicidal activity are important. In the third paper, commercial fields 
planted with transgenic glyphosate-resistant and non-transgenic soybeans were evaluated for 
twospotted spider mite and green cloverworm populations, as well as incidence of their 
entomopathogenic fungi, N. floridana, and N. rileyi. Economic spider mite populations 
required insecticide applications in six transgenic and three non-transgenic fields. Spider 
mite intensity was greater in transgenic soybeans (216 mites/1000 cm2) than in non-
transgenic soybeans (129 mites/1000 cm2), while percentage of infection by N. floridana 
was smaller in transgenic (54%) than in non-transgenic fields (58%). Populations of green 
cloverworm were similar in transgenic (2.9 larvae/25 sweep) and non-transgenic fields (2.8 
larvae/25 sweep) and were characterized as endemic. No statistical differences were 
detected between the treatments on the incidence of N. rileyi, which was less than 5%. 
Results from this observational study suggest that green cloverworm populations and 
incidence of its entomopathogenic fungus N. rileyi would be similar in fields planted with 
transgenic glyphosate-resistant soybeans and conventional varieties with endemic 
populations. Results from this study also suggest that under favorable conditions for spider 
mites, fields planted with transgenic glyphosate-resistant soybeans may have greater 
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predisposition to outbreaks than fields planted with non-transgenic varieties. 
In conclusion, larger spider mite populations observed in RoundUp Ready Soybeans 
may be partially a result of differences in field characteristics. However, outbreaks may 
have been enhanced as a result of lower incidence of N. floridana in the RoundUp Ready 
Soybean fields due to fungicidal effects of inert ingredients in glyphosate formulations. 
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